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1.  EXECUTIVE  SUMMARY 

1.1  Introduction 

Fort  Gordon  currently  purchases  natural  gas  from  Atlanta  Gas  Light  Company 
under  a  rate  schedule  for  Large  Commercial  Interruptible  Service.  This  offers 
a  very  favorable  rate  for  "interruptible"  gas  service,  however,  Fort  Gordon  must 
maintain  a  base  level  of  "firm  gas",  purchased  at  a  significantly  higher  cost,  to 
assure  adequate  natiural  gas  supplies  during  periods  of  curtailment  to  support 
family  housing  requirements  and  other  single  fuel  users. 

It  is  desirable  to  provide  a  standby  fuel  source  to  meet  the  needs  of  family 
housing  and  other  single  fuel  users  and  eliminate  the  extra  costs  for  the  firm 
gas  commitment  to  Atlanta  Gas  Light  Company.  Therefore,  a  propane-air 
standby  fuel  system  is  proposed  to  be  installed  at  Fort  Gordon. 

1.2  Existing  Natural  Gas  Service 

Natural  gas  service  to  Fort  Gordon  is  furnished  by  an  8"  main,  owned  by 
Atlanta  Gas  Light  Company,  that  bisects  the  fort  and  is  also  used  to  deliver 
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natural  gas  to  private  communities  neighboring  the  fort.  There  are  numerous 
branches  off  the  main  that  deliver  natural  gas  to  all  of  the  natural  gas  users, 
both  large  and  small,  on  the  fort.  The  larger  users  have  already  been  converted 
to  dual  fuel  capabilities  so  they  can  be  switched  to  fuel  oil  as  their  back-up  fuel, 
at  times  when  natural  gas  is  curtailed. 

The  natural  gas  fired  equipment  in  family  housing  and  the  other,  smaller  single 
fuel  equipment  are  not  convertible  to  dual  fuel  capabilities.  To  maintain  a  firm 
level  of  natural  gas  and  avoid  c\irtailment  of  service  to  these  users.  Fort  Gordon 
has  committed  to  an  additional  expenditure  that  has  averaged  approximately  ” 
$830,000  per  year  for  the  last  four  year  period  from  July,  1988,  through  June, 
1992. 


1.3  Energy  Consumption 

Natural  gas  consumption  is  measmred  in  therms,  with  1  therm  equalling 
100,000  BTU’s  per  hour  in  heating  value.  The  natural  gas  consumption  at 
Fort  Gordon  has  averaged  approximately  5.5  million  therms  per  year  for  the 
past  four  year  period.  Of  this  total,  approximately  4.1  million  therms  were 
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purchased  at  the  premium  rate  for  firm  gas  and  only  1.4  million  therms  were 
purchased  at  the  more  economical  interruptible  rate. 

1.4  Energy  Cost  Savings  Opportunities  Investigated 

There  were  a  total  of  seven  energy  cost  savings  opportunities  investigated  using 
life  cycle  cost  analysis  techniques. 

The  first  three  opportunities  were  incremental  reductions  in  the  firm  gas 
commitment  from  the  current  level  to  zero,  without  providing  any  t3q)e  of 
standby  fuel  system  for  backup.  The  cost  savings  were  compared  with  the 
potential  penalties  that  coidd  be  imposed  if  excessive  or  "xmauthorized"  gas 
consumption  occurred  during  periods  of  curtailment. 

Two  additional  opportunities  investigated  incremental  reductions  in  the  firm 
gas  commitment  with  installation  of  a  "peak  shaving"  propane-air  system  to 
furnish  the  balance  of  fuel  required  during  times  of  natural  gas  curtailments. 

The  sixth  and  seventh  opportrmities  investigated  the  total  elimination  of  the 
firm  gas  commitment  and  the  installation  of  a  "standby"  propane-air  system  to 
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furnish  the  total  fuel  requirements  for  family  housing  and  other  single  fuel 
users  at  times  when  natural  gas  is  curtailed.  One  of  these  opportunities 
involved  relocation  of  the  existing  gas  main  and  the  other  did  not. 

1.5  Conclusions  and  Recommendations 

Considerable  life  cycle  cost  benefit  is  available  to  Fort  Gordon  with  the 
installation  of  a  propane-air  standby  system  to  back-up  the  natural  gas  fuel 
supply  and  elimination  of  the  requirement  to  purchase  firm  gas  from  the 
current  supplier. 

The  estimated  construction  cost  is  $2,950,000  including  SlOH  and  design  cost. 
This  cost  includes  installation  of  the  propane-air  standby  system,  the  initial 
supply  of  propane,  and  relocation  of  the  Atlanta  Gas  Light  main  to  allow  the 
distribution  system  on  the  fort  to  be  isolated  from  the  gas  company  when 
service  is  curtailed  and  propane-air  is  to  be  used  as  the  fuel. 

The  annual  estimate  savings  is  approximately  $830,000,  the  average  current 
premium  paid  for  firm  gas. 
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The  savings  to  investment  ratio  (SIR)  for  this  opportunity  is  5.18  and  the 
simple  payback  period  is  3.36  years. 

It  is,  therefore,  recommended  that  a  propane-air  standby  system  be  installed, 
and  that  a  new  gas  main  be  constructed  across  the  fort. 

It  is  further  recommended  that  negotiations  be  conducted  with  Atlanta  Gas 
Light  Company  for  alternatives  to  the  gas  line  relocation  in  order  to  further 
enhance  the  economic  benefits  of  the  propane-air  standby  system. 
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Introduction 


2.  INTRODUCTION 

2.1  Overview 

All  of  the  family  housing  at  Fort  Gordon  requires  natural  gas  as  the  fuel  for 
heating,  hot  water  and  cooking.  Many  of  the  other  facilities  at  the  fort  also 
require  natural  gas  for  one  or  more  of  these  functions,  and  all  of  the  central 
heating  plants  use  natural  gas  as  the  primary  fuel. 

Fort  Gordon  currently  purchases  all  of  the  natural  gas  requirements  from 
Atlanta  Gas  Light  Company  under  a  rate  schedule  for  "Large  Commercial 
Interruptible  Service".  This  schedule  provides  a  very  attractive  rate  for 
interruptible"  gas  use,  however,  it  also  includes  additional  charges  and  much 
higher  rates  for  "firm  use"  (i.e.  non-interruptible  gas).  The  fort  currently  has 
a  commitment  with  Atlanta  Gas  Light  Company  to  purchase  a  quantity  of  up 
to  13,500  therms  per  day  of  natural  gas  at  the  "firm  use"  rate  and  purchase  the 
balance  at  the  "interruptible"  rate. 

The  premium  on  the  purchase  of  firm  gas  amounts  to  a  very  sizeable  annual 
expense  to  Fort  Gordon,  an  expense  that  the  fort  would  like  to  significantly 
reduce  or  eliminate.  Simons-Eastern  was,  therefore,  commissioned  by  the 
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Savannah  District,  Corps  of  Engineers  to  conduct  a  study  to  determine 
opportunities  available  to  Fort  Gordon  to  reduce  or  eliminate  the  firm  gas 
commitment  and  expense. 

2.2  Project  Background 

The  terms  of  the  agreement  between  Fort  Gordon  and  Atlanta  Gas  Light 
Company  allow  for  the  curtailment  of  the  "interruptible"  gas  service,  in  whole 
or  in  part,  after  as  little  as  a  thirty  minute  notice  from  the  gas  company.  At 
that  point  the  fort  must  reduce  its  gas  consumption  to  no  higher  than  the  "firm" 
level.  If  consumption  is  not  reduced,  harsh  financial  penalties  may  be  imposed 
for  what  is  considered  unauthorized  consumption  of  gas  (i.e.  all  consumption 
above  the  firm  use  commitment). 

There  are  two  primary  ways  to  avoid  the  penalties  for  the  imauthorized 
consumption  of  gas.  The  first  is  to  maintain  a  high  level  of  firm  gas 
commitment  that  would  not  be  exceeded  during  times  of  curtailment.  The 
second  is  to  reduce  natural  gas  consumption  during  curtailment,  either  by 
temporarily  shutting  down  some  gas  usages  or  by  providing  alternate  back-up 
fuel  for  some  gas  usages.  The  first  option  results  in  a  high  annual  cost  for  firm 
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gas  availability,  and  the  second  would  require  capital  expenditures  to  allow  for 
an  alternate  fuel. 

Fort  Gordon  already  has  instituted  a  program  of  using  fuel  oil  as  a  back-up  fuel 
on  natural  gas  burning  plants  with  capacity  of  5  MMBTU/Hr.  or  more.  These 
units  have  dual  fuel  firing  capabilities.  This  has  allowed  for  a  very  significant 
reduction  in  natural  gas  usage  during  curtailment  and  has  provided  Fort 
Gordon  the  opportunity  to  reduce  the  firm  gas  commitment  to  the  current  level 
of  13,500  therms  per  day. 

Majority  of  the  gas  usage  that  comprises  the  current  level  of  firm  gas  is, 
therefore,  family  housing,  along  with  kitchens  in  the  various  dinning  halls  and 
hot  water  heating  in  many  buildings.  All  of  the  natural  gas  users  in  these 
buildings  are  relatively  small  individual  units  that  are  not  convertible  to  dual 
fuel  capability.  The  only  reasonable  opportunity  to  reduce  or  eliminate  the 
dependency  on  natural  gas  purchased  from  the  utility  is  to  use  an  alternate 
back-up  fuel  that  is  compatible  with  equipment  designed  to  burn  natimal  gas. 
That  alternate  fuel  is  a  propane-air  mixture. 
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Many  other  municipalities,  government  and  private  facilities  have  successfully 
installed  and  are  using  propane-air  systems  for  full  back-up  or  peak-shaving 
capabilities  to  reduce  their  dependency  on  natural  gas  supplies  from  public 
utilities  and  have  reaped  the  benefit  of  significant  cost  savings.  Fort  Gordon 
wants  to  pursue  this  option  and  receive  similar  benefits. 

2.3  Project  Scope 

The  scope  of  this  Liquefied  Petroleum  Gas  (LPG)  Storage  Facility  Study  is  to 
determine  the  opportunities  available  for  Fort  Gordon  to  reduce  natural  gas 
expenditiures  by  reducing  or  eliminating  the  requirement  for  firm  natural  gas 
from  the  current  supplier.  The  primary  focus  of  the  study,  based  on  previous 
analysis  done  by  Fort  Gordon,  is  to  determine  a  method  for  isolating  Fort 
Gordon  from  the  Atlanta  Gas  Light  system  and  installing  a  propane-air  system 
as  a  back-up  source  of  fuel  for  use  when  natural  gas  supplies  are  curtailed. 

2.4  Study  Objectives 

The  objectives  of  the  LPG  Storage  System  Study  are  to  establish  an  optimum 
level  for  the  firm  gas  commitment,  and  identify  the  capacities  and  capital  costs 
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involved  to  isolate  Fort  Gordon  from  the  Atlanta  Gas  Light  main,  and  install 

a  propane-air  system  a  back-up  fuel  source. 

Services  and  dociunentation  to  be  provided  include: 

•  Field  investigation  of  family  housing  and  other  facilities  with  natural  gas  use 
requirements  that  do  not  and  will  not  use  fuel  oil  as  back-up  to  determine 
the  fuel  demand  to  be  used  in  establishing  the  capacity  of  the  propane-air 
system. 

•  Review  recent  gas  consumption  records  and  Atlanta  Gas  Light  Company 
tariffs. 

•  Review  Defense  Fuel  Supply  Centers  (DFSC)  contract  for  possible  cost  saving 
opportxmities. 

•  Investigate  potential  growth  at  Fort  Gordon  and  the  possible  affect  on  the 
propane-air  system. 

•  Field  investigation  of  new  pipeline  routing  for  Atlanta  Gas  Light  gas  main. 
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•  Define  concept  for  installation  and  operation  of  propane-air  plant  as 
alternate  fuel  or  for  peak-shaving. 


•  Provide  cost  estimates  and  a  preliminary  DD  Form  1391  for  capital 
expenditures  required  for  implementation  of  the  cost  reduction  program. 


Conduct  life  cycle  cost  benefit  analysis  for  potential  cost  reduction  programs. 


Investigate  feasibility  of  third  party  ownership  of  new  facilities. 
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3.  DESCRIPTION  OF  EXISTING  FACILITIES 

3.1  Overview  of  Operation 

Natural  gas  is  the  primary  fuel  for  all  operations  at  Fort  Gordon.  Natural  gas 
users  can  be  identified  in  three  different  categories:  1)  family  housing,  2)  other 
single  fuel  users,  and  3)  central  plants  and  other  dual  fuel  users.  The  natural 
gas  is  provided  via  a  gas  main  through  the  fort  that  supplies  natural  gas  to 
distribution  mains  to  the  different  users. 

The  gas  supply  is  divided  into  two  categories:  1)  firm  gas,  and  2)  interruptible 
gas,  with  a  different  tariff  for  each  category.  The  firm  gas  will  always  be 
available  unless  catastrophic  circumstances  occur,  but  the  interruptible  gas  can 
be  ciirtailed  whenever  demand  on  the  capabilities  of  the  gas  company  become 
severe.  The  firm  gas  is,  therefore,  sold  at  a  premium  price  in  comparison  to 
interruptible  gas. 

Fort  Gordon  must  commit  to  a  level  of  firm  gas  that  will  provide  fuel  to  all  of 
the  family  housing  and  other  single  fuel  users  so  gas  flow  to  these  users  will 
not  be  curtailed  as  these  users  currently  have  no  back-up  fuel  source. 
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3.2  Existing  Natural  Gas  Service 

Natural  gas  service  to  Fort  Gordon  is  furnished  via  an  8"  underground  gas 
main  that  enters  the  fort  at  Gate  5,  traverses  along  Avenue  of  the  States,  Rice 
Road,  Chamberlin  Avenue,  15th  Street,  13th  Avenue,  and  exits  the  fort  near 
Gate  3.  There  are  18  branches  off  the  main  that  distribute  natural  gas  to  the 
various  users  within  the  fort. 

The  gas  main  was  installed  in  1965.  It  is  carbon  steel  pipe  that  is  coated  and 
wrapped  for  corrosion  protection  and  further  protected  by  a  cathodic  protection 
system  that  is  installed  outside  of  the  fort.  According  to  information  furnished 
by  the  gas  company,  the  pipe  is  in  extremely  good  condition  and  has  not  had 
a  history  of  leaking. 

After  crossing  the  fort  and  exiting  near  Gate  3,  the  gas  main  continues 
northward  to  service  private  users  in  the  Grovetown,  Georgia,  area. 
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The  gas  main  operates  at  a  pressure  of  300  psi.  Gas  pressure  is  reduced  in  the 
branch  mains  to  75  psi  or  less  and  is  finally  reduced  at  each  user  point  to  the 
appropriate  pressure  for  that  user. 

For  the  purposes  of  determining  natural  gas  consumption  and  establishing 
billings,  Atlanta  Gas  Light  Company  has  two  metering  points  on  the  fort;  an 
incoming  meter  station  at  Gate  5  and  an  exiting  meter  station  at  Gate  3. 
Natural  gas  consumption  is  determined  and  billed  based  upon  the  difference  in 
the  accumulative  readings  at  the  two  metering  stations.  The  metering 
equipment  at  both  locations  is  still  serviceable,  however,  the  equipment  is 
outdated  and  has  questionable  accuracy. 

3.3  Natural  Gas  Rate  Schedule 

Fort  Gordon  currently  purchases  from  Atlanta  Gas  Light  Company  under  Rate 
Schedule  1-24  for  Large  Commercial  Interruptible  Service.  The  terms  of  this 
service  applicable  to  firm  versus  interruptible  gas  are  as  follows: 
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Firm  Use  Charge 

There  is  an  annual  charge  of  $15.60  for  each  firm  use  therm  per  day  specified 
in  the  contract.  The  current  contract  is  for  13,500  therms  per  day  which  yields 
an  annual  charge  of  $210,600  simply  for  the  privilege  of  receiving  the  firm  gas. 
In  essence,  this  purchases  an  allocation  in  the  pipeline  system  suppl5ring  the 
natural  gas  to  the  local  supplier. 

Purchased  Gas  Adjustment  (PGA) 

This  is  a  specific  charge,  calculated  each  month,  in  accordance  with  a  formula 
approved  by  the  Public  Service  Commission,  that  reflects  the  actual  cost  of 
purchased  gas  at  the  supply  point.  There  is  a  separate  PGA  for  firm  gas  and 
interruptible  gas.  As  an  example,  for  the  month  of  June,  1992,  the  PGA  for 
firm  gas  was  35.89  cents  per  therm  and  the  PGA  for  interruptible  gas  was 
21.30  cents  per  therm,  a  premium  of  14.59  cents  per  therm  for  the  purchase  of 
firm  gas. 
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Franchise  Recovery  Factor 

This  is  basically  a  fee  to  the  local  utility  for  their  recovery  of  the  cost  of 
furnishing  gas  service  to  the  user.  It  is  a  percentage  of  the  sum  of  the  Firm 
Use  Charge  and  the  PGA.  This  charge  does  not  apply  to  interruptible  gas. 

Unauthorized  Consumption  Of  Gas 

During  times  of  curtailment,  there  is  a  penalty  charge  of  $3.00  per  therm  for 
each  therm  of  gas  used  that  exceeds  the  firm  gas  commitment. 

3.4  Family  Housing 

The  investigation  identified  875  family  housing  units  at  Fort  Gordon.  These 
are  located  at  Boardmans  Lake,  Gordon  Terrace,  Maglin  Terrace,  McNair 
Terrace  and  Olive  Terrace. 

All  of  these  units  have  natural  gas  burning  furnaces,  hot  water  heaters  and 
ranges.  These  are  all  single  fuel  systems  and  are  not  adaptable  for  dual  fuel 
capability. 
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3.5  Single  Fuel  Users 

The  investigation  identified  132  permanent  buildings  on  the  fort  that  have  a 
use  for  natural  gas  as  the  fuel  for  some  equipment.  The  use  in  these  buildings 
is  typically  for  heating  units,  hot  water  heaters  and  kitchen  equipment.  This 
equipment  generally  consists  of  small  capacity  independent  units  that  use 
natural  gas  as  a  single  fuel  and  is  not  adaptable  to  dual  fuel  capability. 

3.6  Central  Plants  And  Other  Dual  Fuel  Users 

There  are  numerous  facilities  at  Fort  Gordon  that  have  installed,  dual  fuel 
capability,  with  auxiliary  burners  for  burning  fuel  oil.  Standard  procedure  is 
for  these  facilities  to  be  switched  from  natural  gas  firing  to  fuel  oil  firing 
whenever  natmal  gas  service  is  curtailed  (interrupted)  by  the  gas  company. 

These  facilities  are  not  included  in  this  LPG  Storage  Facility  Study. 
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4.  DESIGN  BASIS 

4.1  General 

Data  from  numerous  sources  was  compiled  and  analyzed  to  establish  a  basis  for 
the  size  and  capacity  of  the  propane-air  system  as  well  as  to  determine  an 
optimum  level  of  firm  gas  commitment.  The  data  was  obtained  by  field 
investigation  of  existing  facilities,  review  of  recent  gas  consiunption  records, 
gathering  data  from  fort  real  estate  records,  through  conversations  with  the 
operators  of  propane-air  systems,  and  through  information  from  suppliers  of 
propane  and  propane-air  systems. 

4.2  Family  Housing  Gas  Use 

During  the  field  investigation  of  July  14  through  July  17,  1992,  several 
representative  housing  units  were  inspected  the  verify  the  size  and  type  of 
natural  gas  users  in  the  units  as  well  as  verify  the  general  construction  of  the 
units.  From  this  data,  total  connected  load  and  expected  peak  load  was 
tabulated.  The  tabulation  is  included  as  Appendix  B.  From  this  data  it  was 
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established  that  the  total  connected  load  for  all  family  housing  units  is  128.853 
MMBTU/Hr.  and  the  anticipated  peak  heat  load  is  70.501  MMBTU/Hr. 

4.3  Building  Gas  Use 

Also  during  the  July  14  through  July  17, 1992,  field  investigation,  45  of  the  132 
other  permanent  buildings  using  natural  gas  as  a  single  fuel  were  inspected  to 
determine  what  equipment  was  actually  burning  natural  gas  and  what  the 
connected  loads  were.  The  permanent  buildings  not  inspected  are  duplicates 
of  these  that  were  inspected  which  allowed  for  a  tabulation  of  the  connected 
load  and  expected  peak  load  for  all  of  the  buildings.  The  tabulation  is  included 
as  Appendix  C. 

The  tabulation  indicated  that  the  connected  load  for  all  of  the  permanent  single 
fuel  natural  gas  users  is  102.712  MMBTU/Hr.  with  majority  of  this  load  being 
for  heating  systems.  The  expected  peak  load  is  29,835  MMBTU/Hr. 

This  investigation  did  not  include  existing  buildings  that  are  not  permanent 
and  will  be  demolished. 
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4.4  Fort  Gordon  Expansion  Plans 

Currently  identified  expansion  plans  for  Fort  Gordon  include  approximately 
seven  new  buildings  with  an  estimated  square  footage  of  434,200.  While  there 
will  be  no  net  gain  in  total  building  square  footage  over  the  next  10  years  due 
to  the  demolition  of  existing  WWII  buildings,  which  are  currently  in  use,  the 
new  buildings  will  potentially  add  to  the  total  permanent  natural  gas 
requirements  at  the  fort. 

Also  included  in  Appendix  C  is  a  tabulation  of  the  potential  gas  load  for  the 
future  buildings.  Based  on  the  average  load  per  square  foot  of  the  existing 
buildings,  the  connected  load  on  the  gas  system  for  the  future  buildings  could 
be  in  the  range  of  25  MMBTU/Hr. 

4.5  Gas  Consumption  Records 

Gas  consumption  records  for  the  period  of  July  1988  through  June  of  1992  were 
obtained  from  Atlanta  Gas  Light  Company.  Specific  information  extracted  from 
the  records  are: 
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•  Gas  service  has  been  curtailed  for  a  total  of  196  hours  through  the  last  four 
years,  an  average  of  49  hours  per  year. 

•  There  was  only  one  period  where  curtailment  lasted  more  than  a  few  hours, 
that  was  December  16  and  17, 1989,  and  December  21  through  December  26, 
1989.  During  this  time  there  were  5  full  days  of  curtailment  and  the 
average  natimal  gas  consumption  for  these  5  days  was  13,000  therms  per 
day,  however,  consumption  was  as  low  as  10,000  therms  per  day  on  two  of 
those  days.  The  low  consumption,  however,  may  not  be  representative  as 
these  were  on  the  holidays  of  December  24  and  25,  a  time  when  many  of  the 
personnel  may  not  have  been  on  the  fort. 

•  Average  summer  gas  consumption  for  the  summer  months  of  June,  July  and 
August  through  the  four  year  period  was  approximately  8,500  therms  per 
day. 

•  D\aring  the  four  year  period,  the  average  additional  cost  that  Fort  Gordon 
paid  for  firm  gas  over  interruptible  gas  was  approximately  $830,000  per 
year.  This  was  equivalent  to  20.11  cents  per  therm  premium  for  every 
therm  of  firm  gas  consumed. 
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•  The  largest  total  consumption  for  the  period  was  December,  1988,  where  the 
average  daily  gas  consumption  was  approximately  27,500  therms  per  day. 
There  was  no  curtailment  during  this  month.  This  peak  consumption  was 
matched  in  January,  1992,  during  a  month  where  there  were  19  hours  of 
natural  gas  curtailment. 

4.6  Defense  Fuel  Supply  Center  (DFSC)  Contract 

The  DFSC  contract  allows  the  Government  an  opportrmity  to  purchase  natural 
gas  on  a  spot  market  basis,  generally  at  a  lower  cost  than  natural  gas 
purchased  through  the  utility.  The  current  DFSC  contract  which  is  effective 
for  the  period  July  31,  1991,  through  January  31,  1993,  references  the  price  of 
natural  gas  for  May  of  1991  as  an  example.  This  compares  to  the  natural  gas 
purchased  from  Atlanta  Gas  Light  Company  (AGL)  as  follows: 

DFSC  price  =  $.17  per  therm  (May,  1991) 

AGL  Interruptible  price  =  $.25  per  therm 
AGL  Firm  price  =  $.50  per  therm 
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4.7  Propane-Air  System  Information 

Pertinent  information  regarding  the  capacity  and  use  of  the  propane-air  system 

was  gathered  from  many  sources  throughout  this  study. 

•  Fort  Banning,  Georgia  operates  a  propane-air  peak  shaving  system.  They 
mix  25%  propane-air  \vith  75%  natural  gas.  The  propane-air  system  is  sized 
to  meet  the  firm  gas  commitment  which  is  based  on  summer  load  and  they 
have  a  storage  capacity  of  approximately  a  15  day  supply  of  propane.  The 
system  operates  at  a  pressme  of  30  psig.  Fort  Banning  was  able  to  reduce 
the  firm-gas  commitment  by  one-half. 

•  The  City  of  LaGrange,  Georgia,  also  operates  a  peak  shaving  propane-air 
system.  They  have  mixed  as  much  as  70%  propane-air  with  30%  natural  gas 
in  December,  1989,  during  curtailment.  The  only  problems  were  complaints 
of  yellow  flame  and  the  need  to  adjust  space  heaters.  Storage  system 
consists  of  seventeen  30,000  gallon  propane  tanks.  This  system  operates  at 
25  psig. 
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•  Propane-air  equipment  suppliers  recommend  the  propane  vaporizer  and  air 
mixer  be  sized  to  accommodate  the  total  connected  load  if  the  system  is  to 
be  used  as  an  standby  plant.  This  allows  adequate  gas  flow  for  the  condition 
of  all  or  majority  of  users  burning  gas  at  the  same  time  and  is  very 
applicable  to  Fort  Gordon.  A  large  portion  of  the  gas  use  is  in  family 
housing  and  it  is  conceivable  that  at  a  given  time  on  a  cold  winter  morning, 
nearly  all  households  would  be  arising  at  the  same  time,  and  nearly  all 
furnaces,  hot  water  heaters  and  ranges  could  be  operating  simultaneously.. 
Storage  capacity  should  be  sized  to  accommodate  average  peak  use. 

•  The  propane-air  systems  require  approximately  one  hour  to  start-up  and 
bring  to  full  capacity. 

•  The  delivery  of  liquefied  propane  is  generally  accomplished  via  cross  country 
pipeline  and  locally  by  truck.  Delivery  is  usually  accomplished  within  a 
matter  of  days  after  an  order  is  placed,  even  in  winter  months  when  demand 
is  high. 

•  Delivery  of  liquefied  propane  is  available  by  rail,  but  this  is  t3rpically  more 
expensive  and  less  available,  and  does  not  appear  to  be  practical  unless 

4-7 


P;\7469\report.dad 


Design  Basis 

U.  S.  Army  Engineer  District,  Savannah 
Ft.  Gordon  LPG  Study 
Final  Submittal 


there  is  a  significantly  large,  continuous  use.  Also,  additional  equipment  is 
required  for  receipt  of  propane  via  rail  car. 


4.8  Design  Basis 


Connected  Load: 

Family  Housing 

128.9 

MMBTU/Hr. 

Permanent  Single  Fuel  Users  102.6 

Current  Total 

231.5 

MMBTU/Hr. 

Possible  Future  Expansion 

25.1 

Possible  Future  Total 

256.6 

MMBTU/Hr. 

Propane-air  vaporizer/mixer  sized  for  230  MMBTU/Hr. 

Expected  Peak  Use: 

Cvurrent 

13,000 

therms  per  day 

(During  Curtailment)  Futxire  Exp. 

100 

Possible  Total 

13,100 

therms  per  day 

Sized  propane  storage  for  10  days  at  13,500  therms  (conservative) 
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5.  DESCRIPTION  OF  PROPOSED  NEW  FACILITIES 

5.1  Overview 

To  develop  the  opportunity  for  Fort  Gordon  to  significantly  reduce  energy 
consumption  cost,  new  and  modified  facilities  include: 

•  New  gas  pipeline  across  the  fort 

•  Isolation  of  existing  gas  line  and  distribution  system 

•  Propane-air  standby  system 

•  Gas  metering  modifications 

5.2  Natural  Gas  Pipeline 

Since  the  existing  Atlanta  Gas  Light  main  through  Fort  Gordon  also  services 
other  communities,  it  is  not  possible  to  use  the  main  for  propane-air 
distribution  within  the  fort.  Also,  since  there  are  18  different  branch  mains  for 
local  gas  distribution  within  the  fort,  it  is  impractical  and  cost  prohibitive  to 
consider  adding  a  propane-air  standby  system  to  each  of  the  branch  mains.  It 
is,  therefore,  proposed  to  install  a  new  gas  main  through  an  unpopulated  area 
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of  the  fort  to  be  used  for  gas  transmission  and  utilize  the  existing  main  for 
distribution  of  gas  to  the  users  within  the  fort. 

Location  Of  New  Main 

It  is  proposed  that  the  new  main  tie  to  the  existing  main  near  Gate  5,  then 
cross  Avenue  of  the  States  and  travel  along  the  west  side  of  Avenue  of  the 
States  to  North  Range  Road.  The  line  would  travel  westward  along  North 
Range  Road  to  12th  Street  and  then  turn  northward  along  12  Street,  9th  Street 
and  10th  Street  and  again  intersect  with  the  existing  main  near  Gate  3.  The 
specific  routing  of  the  proposed  new  line  is  shown  on  the  maps  included  in 
Appendix  D. 

Ownership  Of  New  Main 

Atlanta  Gas  Light  Company  is  agreeable  to  accepting  ownership  of  the  new 
main  in  exchange  for  passing  ownership  of  the  existing  main  to  Fort  Gordon 
under  the  following  stipulations: 
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•  Atlanta  Gas  Light  Company  is  granted  right-of-way  easement  for  the  new 
main  comparable  to  that  for  the  existing  main. 

•  The  new  pipeline  must  be  built  in  accordance  with  Atlanta  Gas  Light 
Company  specifications,  constructed  by  contractors  experienced  in  pipeline 
construction  for  Atlanta  Gas  Light  Company  and  approved  by  them,  and 
that  all  work  be  done  imder  the  direction  of  Atlanta  Gas  Light  Company. 

Alternate  Opportunity 

Two  alternate  opportunities  were  presented  by  Atlanta  Gas  Light  for 
consideration  in  regard  to  the  new  pipeline.  It  appears  to  be  in  the  best 
interest  of  both  Fort  Gordon  and  Atlanta  Gas  Light  that  the  new  line  actually 
be  installed  off  of  the  fort  property.  The  two  opportxmities  presented  to 
accomplish  this  are  as  follows: 

1)  Atlanta  Gas  Light  could  build  the  new  pipeline  around  the  east  and  north 
perimeter  of  the  fort,  starting  near  Gate  5  and  connecting  to  the  existing 
main  near  Gate  3.  This  gives  Atlanta  Gas  Light  a  potential  opportunity 
to  supply  new  customers  in  an  area  that  is  starting  to  be  developed. 
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2)  Atlanta  Gas  Light  could  possibly  provide  service  to  Fort  Gordon  from  a 
new  gas  main  recently  installed  north  of  Grovetown. 

Both  of  these  alternatives  are  very  preliminary  in  nature  and  may  or  may  not 
be  possible,  but  either  could  lead  to  reduced  pipeline  costs  and  cost  sharing  by 
Atlanta  Gas  Light.  Fort  Gordon  should  pursue  them  both  to  see  what 
arrangements  can  be  made  with  Atlanta  Gas  Light. 

6.3  Propane-Air  System 

It  is  proposed  that  a  propane-air  storage  and  supply  system  be  constructed  at 
the  old  coal  storage  site  near  Chamberlin  Avenue  and  10th  Street. 

System  Description 

The  propane-air  system  will  consist  of  a  series  of  30,000  gallon  propane  storage 
tanks,  LPG  pvunps,  a  waterbath  vaporizer,  mixer,  air  compressor,  air  receiver, 
a  test  flare,  and  a  truck  unloading  station. 
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There  are  6  proposed  30,000  gallon  propane  storage  tanks.  The  tanks  may  be 
filled  to  85%  with  liquid  propane  per  NFPA  #58.  The  capacity  of  the  tanks  is 
equivalent  to  14,000  therms  per  day  for  10  days.  This  covers  the  current 
expected  use  as  well  as  allowing  for  1,000  therms  per  day  growth  at  the  fort. 
NFPA  #58  regulations  limit  storage  capacity  in  any  one  area  to  180,000  gallons. 
A  water  spray  fire  protection  system  will  be  included  for  each  tank. 

Propane  is  delivered  and  stored  in  a  liquid  state.  Prior  to  injection  into  the  gas 
line  as  a  fuel  it  must  first  be  vaporized.  Propane  vapor  also  has  a  much  higher 
heating  value  than  natural  gas  so  it  also  must  be  mixed  (diluted)  with  air  to 
create  a  fuel  with  characteristics  matching  those  of  natural  gas.  To  accomplish 
this  the  system  must  include  a  vaporizer,  air  compressor  and  mixer. 

A  test  flare  is  also  required  as  part  of  the  propane-air  system  for  safety  during 
start-up  and  for  checking  characteristics  of  the  propane-air  mixture  prior  to 
releasing  the  fuel  into  the  distribution  system. 
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System  Operation 

The  propane-air  system  proposed  will  deliver  a  mixture  of  approximately  55% 
propane  and  45%  air  at  a  pressure  of  75  psi.  It  would  deliver  a  quantity  of 
propane-air  up  to  a  capacity  of  230  MMBTU/Hr.  to  accommodate  the  maximum 
current  demand  that  could  be  expected  at  any  one  time.  It  will  have  a  control 
system  that  will  monitor  the  characteristics  of  the  fuel  and  the  usage  so  that 
once  the  system  is  started  it  will  continue  to  run  while  unattended.  A 
schematic  of  the  system  is  included  in  Appendix  E  for  reference. 

The  operating  pressure  of  75  psi  was  selected  for  two  reasons.  First,  this 
pressure,  based  on  analysis  of  the  existing  8"  main  and  branches  will  provide 
sufficient  pressure  for  operating  the  entire  distribution  system  now  and  in  the 
future.  Secondly,  this  pressure  would  also  potentially  allow  Fort  Gordon  to  use 
propane-air  as  the  back-up  for  some  of  the  dual  fuel  users  should  that  become 
a  necessity. 
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Space  Reqmrements 

NFPA  #58  regvilations  require  propane  tankage  to  be  separated  as  described 
previously  and  requires  other  components  such  as  the  vaporizer/mixer 
equipment,  truck  unloading,  and  the  test  flare  to  be  separated.  Likewise, 
separation  must  be  maintained  between  the  propane-air  system  and  other 
facilities. 

Allowing  space  for  the  potential  future  addition  of  two  tank  storage  areas  at  6 
tanks  each,  an  area  of  approximately  334  feet  by  670  feet  must  be  dedicated  for 
the  propane-air  system.  A  potential  layout  of  the  area  is  included  in 
Appendix  E. 

5.4  Natural  Gas  Metering 

Atlanta  Gas  Light  has  recommended  that  the  metering  station  at  Gate  3  be 
used  for  the  modified  service  to  the  fort.  There  are  two  turbine  meters  used  at 
this  installation  and  these  are  the  newest  of  the  meters  on  the  fort.  These 
meters  are  owned  by  Atlanta  Gas  Light  and  would  be  used  for  future  gas 
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metering  and  billing.  The  existing  meters  at  Gate  5  would  be  removed  as  they 
would  no  longer  be  required. 

In  the  past,  Fort  Gordon  has  experienced  metering  errors  related  to  the  gas 
consumption  and  there  is  concern  that  the  reliability  of  the  turbine  meters  may 
be  less  than  accurate  over  the  wide  range  of  gas  use  rates  experienced  between 
the  various  seasons.  It  is,  therefore,  proposed  that  Fort  Gordon  also  install  an 
auxiliary  gas  meter  to  check  the  gas  company  meters. 

A  mass  flow  measurement  meter  that  operates  on  the  principal  of  thermal 
dispersion  detection  is  proposed.  This  type  meter  inserts  into  the  gas  line,  has 
no  moving  parts,  and  measures  mass  flow  directly,  eliminating  the  need  for 
pressure  or  temperature  compensation.  The  meter  has  a  high  turn  down  ratio 
which  means  it  can  accurately  measure  very  low  flows  as  well  as  very  high 
flows.  This  meter  also  provides  for  remote  reading  as  well  as  local  recording 
so  it  can  be  connected  to  the  fort’s  EMCS  (energy  management  and  control 
system). 

A  typical  vendors  catalog  data  is  included  in  Appendix  J.  for  reference. 
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6.5  Gas  Distribution  System 

Upon  installation  of  the  new  gas  main  across  or  around  the  fort,  the  existing 
gas  main  going  through  the  fort  would  become  a  distribution  main  within  the 
fort  only. 

The  main  is  proposed  to  operate  at  a  pressure  of  75  psi,  one-fourth  the  current 
300  psi  operating  pressure.  At  the  75  psi  operating  pressure,  flow  and  pressure 
to  the  branch  mains  will  provide  adequate  gas  supply  to  all  the  current  users. 
Furthermore,  this  pressure  would  appear  to  be  adequate  to  supply  propane-air 
to  the  central  plants  and  other  dual  fired  users  to  allow  the  fort  an  opportunity 
to  select  between  propane-air  or  fuel-oil  for  backup  during  curtailment. 
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6.  PROJECT  SCHEDULE 

Following  is  a  milestone  schedule  for  construction  of  the  propane-air  standby 
system  for  Fort  Gordon.  Based  on  current  availability  of  materials  and 
equipment,  it  appears  that  the  propane-air  system  and  new  pipeline  could  be 
bid,  and  constructed  in  approximately  nine  months. 
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7.  CAPITAL  COST  ESTIMATE 

7.1  Summary 

The  estimated  construction  cost  for  all  aspects  of  the  standby  propane-air 
system  for  Fort  Gordon  are  siimmarized  as  follows: 

1.  Propane- Air  System  $1,296,776 

2.  Relocated  Pipeline  1,128,875 

3.  Auxiliary  Meter  21,582 

Total  Construction  Cost  $2,447,233 

This  summary  includes  construction  cost  for  materials,  equipment  and 
installation  only  and  is  based  on  August,  1992,  prices  escalated  to  mid-point 
FY95.  Engineering,  SIOH,  and  contingency  are  included  on  DD  Form  1391. 

7.2  Third  Party  Ownership 

The  possibility  of  third  party  ownership  of  the  propane-air  system  was  reviewed 
with  various  vendors. 
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Typically,  the  vendors  do  not  have  the  financial  capability  and  are  not  in  the 
business  to  own  propane-air  systems,  especially  systems  of  the  size  required  for 
Fort  Gordon.  Additionally,  the  vendors  woiild  not  consider  third  party 
ownership  unless  propane  is  the  primary  fuel  and  the  user  would  guarantee  a 
level  of  usage. 

Third  party  ownership  would  limit  Fort  Gordon  to  one  source  of  supply.  The 
supplier  would  control  cost  and  delivery,  and  would  eliminate  any  possibility 
of  competitive  pricing.  This  would  appear  to  create  a  worse  situation  than  Fort 
Gordon  is  currently  in  with  the  gas  company. 

7.3  DD  Form  1391 

A  preliminary  DD  Form  1391  has  been  prepared  and  is  included  following  this 
page. 
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1.  COMPONENT 


ARMY 


FY  1995  MILITARY  CONSTRUCTION  PROJECT  DATA 


2.  DATE 


8  SEP  92 


3.  INSTALLATION  AND  LOCATION 


FORT  GORDON,  GEORGIA 


4.  PROJECT  TITLE 


LPG  STORAGE  FACILITY, 
ECIP,  FACILITY  ENERGY 
IMPROVEMENTS 


5.  PROGRAM  ELEMENT 


6.  CATEGORY  CODE 


80000 


7.  PROJECT  NUMBER  8.  PROJECT  COST  ($000) 


$2,950 


9.  COST  ESTIMATES 


PRIMARY  FACILITY 

Propane  Air  Standby  System 

SUPPORTING  FACILITY 

Gas  Distribution  Main  Relocation 
Auxiliary  Gas  Meter 

SUBTOTAL 

CONTINGENCY  (7.5%) 

DESIGN  COST  (6%) 

SUPERVISION  INSP  &  OVERHEAD  (6%) 
TOTAL  REQUEST 


10.  DESCRIPTION  OF  PROPOSED  CONSTRUCTION 


The  primary  facility  is  a  permanent  propane-air  standby  facility  consisting  of  a  propane 
vaporizer/mixer  capable  of  delivering  230  million  BTU/hr  of  a  propane-air  mixture  at  75 
psig.  The  propane-air  mixture  is  to  be  injected  into  an  existing  natural  gas  distribution 
pipe  to  use  the  propane-air  as  back-up  fuel  for  times  of  natural  gas  curtailments.  The 
facility  will  include  six  30,000  gallon  propane  storage  tanks  with  the  capacity  to  store 
approximately  a  10  day  supply  of  fuel  for  back-up  service.  The  installation  of  the  system 
will  require  relocation  of  the  existing  gas  main,  owned  by  the  public  utility,  to  allow 
isolation  of  the  on  fort  distribution  system  to  enable  the  fort  to  use  the  propane-air  fuel 
supply.  Auxihary  gas  metering  is  to  be  installed  to  allow  for  verification  of  natural  gas 
use  as  shown  on  monthly  billings. 

This  is  a  new  facility  that  will  require  no  demolition  or  asbestos  abatement. 

Accessibility  for  the  handicapped  is  not  required  for  functional  and  safety  reasons. 
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1.  COMPONENT 

ARMY 

FY  1995  MILITARY  CONSTRUCTION  PROJECT  DATA 

2.  DATE 

8  SEP  92 

3.  INSTALLATION  AND  LOCATION 

FORT  GORDON,  GEORGIA 

4.  PROJECT  TITLE 

LPG  STORAGE  FACILITY,  ECIP 

6.  PROJECT  NUMBER 

11.  REQUIREMENT:  Non© 

ADEQUATE:  Non©  SUBSTD:  Non© 

PROJECT: 


Construct  propane-air  standby  facility  including  propane  storage  and  relocation  of 
existing  natural  gas  main. 

The  project  is  required  to  allow  isolation  of  the  fort  from  the  public  utility  and  to  allow 
the  use  of  propane-air  as  a  back-up  fuel  for  natural  gas  dxiring  times  of  curtailment. 
This  is  needed  to  reduce  the  financial  commitment  to  the  public  utility  to  guarantee  a 
minimum  level  of  natural  gas  supply  during  curtailment, 

CURRENT  SITUATION: 

Natural  gas  is  furnished  by  a  public  utility  via  the  utiHty  owned  main  through  the  fort. 
There  are  numerous  natural  gas  users,  such  as  family  housing,  that  will  require  gas  at 
all  times  without  curtailment  in  times  of  high  consumption  or  shortages.  Guaranteed 
delivery  of  gas  demands  a  premium  cost  that  currently  is  approximately  $830,000 
annually.  There  is  no  economical  opportxmity  available  for  reduction  of  this  cost  or  use 
of  a  standby  fuel  as  there  is  no  existing  way  to  isolate  Fort  Gordon  fi-om  the  public 
utility. 

IMPACT  IF  NOT  PROVIDED: 

Failure  to  approve  this  project  will  restilt  in  a  continued  annuad  cost  to  be  paid  to  the 
public  utility  to  assure  a  minimum  level  of  natural  gas  supply  at  all  times  to  support 
family  housing  and  other  natural  gas  users. 

ADDITIONAL: 

This  project  has  been  coordinated  with  the  installation  physical  secxirity  plan,  and  no 
security  improvements  are  reqxiired.  This  project  comphes  with  the  scope  and  design 
criteria  of  DOD  4270.1M  "Construction  Criteria"  that  were  in  effect  1  January  1987,  as 
implemented  by  the  Army’s  Architectural  and  Engineering  Instruction  (AEI),  "Design 
Criteria",  dated  14  July  1989.  An  economic  analysis  has  been  prepared  for  this  project 
in  accordance  with  Energy  Conservation  Investment  Program  (ECIP)  guidance.  The 
analysis  indicates  a  savings  to  investment  ratio  of  5.18  with  a  payback  of  investment  in 
3.36  years.  Auxiliary  gas  metering  will  be  installed  to  verify  natural  gas  use  and 
savings. 
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1.  COMPONENT 

ARMY 

FY  1995  MILITARY  CONSTRUCTION  PROJECT  DATA 

2.  DATE 

8  SEP  92 

3.  INSTALLATION  AND  LOCATION 

FORT  GORDON,  GEORGIA 

4.  PROJECT  TITLE 

LPG  STORAGE  FACILITY,  ECIP 

6.  PROJECT  NUMBER 

SECTION  7  -  GENERAL 

This  ECIP  project  is  required  to  support  the  Army  wide  effort  to  reduce  energy  cost.  The 
project  will  provide  a  new  propane-air  standby  system  to  deliver  an  alternate  fuel  at 
times  when  natural  gas  service  from  the  public  utility  is  curtailed.  The  backup  system 
will  allow  purchase  of  all  natural  gas  from  the  public  utility  at  a  much  lower  rate  for 
interruptible  service  plus  allow  for  purchase  of  natural  gas  via  the  Defense  Fuel  Supply 
Center  (DFSC)  contracts. 

This  project  has  been  coordinated  with  the  installation  physical  secxirity  plan  and  no 
security  improvements  are  required. 

SECTION  8  -  PRESENT  ACCOMMODATION  &  DISPOSITION 

This  project  installs  new  propane  -air  storage  and  delivery  equipment  to  support  current 
assets.  No  present  assets  will  be  disposed  of  in  this  project. 

SECTION  9  -  REAL  PROPERTY  MAINTENANCE 

The  propane-air  standby  system  will  require  approximately  190,000  square  feet  of  land 
area  utiHzing  currently  unused  area  that  was  previously  a  cool  storage  area. 

SECTION  10  -  ANALYSIS  OF  DEFICIENCIES 

There  is  no  current  fuel  alternate  for  family  housing  and  other  single  fuel  (natural  gas) 
users.  With  no  backup,  Fort  Gordon  must  purchase  natural  gas  at  a  premium  rate  for 
guaranteed  deHvery  of  natural  gas.  This  premium  rate  cost  is  in  excess  of  $800,000  per 
year. 

SECTION  11  -  ECONOMIC  ANALYSIS 

Economic  analysis  of  this  project  was  prepared  utilizing  Life  Cycle  Cost  In  Design 
(LCCID).  The  savings  to  investment  ration  (SIR)  for  this  project  is  5.18  and  the  simple 
payback  period  is  3.36  years. 
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1.  COMPONENT 


ARMY 


FY  1995  MILITARY  CONSTRUCTION  PROJECT  DATA 


2.  DATE 


8  SEP  92 


3.  INSTALLATION  AND  LOCATION 


FORT  GORDON,  GEORGIA 


4.  PROJECT  TITLE 


LPG  STORAGE  FACILITY,  ECIP 


6.  PROJECT  NUMBER 


SECTION  12  -  CRITERIA  FOR  PROPOSED  CONSTRUCTION 

Construction  will  conform  to  existing  guidelines  of  architectural  design  and  building 
construction,  specifically  the  AEI  Design  Guide  (March,  1987)  and  Corps  of  Engineers 
Guide  Specs.  A  Project  Development  Brochure  (PDB)  will  be  prepared  for  the  project. 

SECTION  13  -  FURNISHINGS  AND  EQUIPMENT 

There  are  no  related  furnishings  and  equipment  involved  in  this  project. 

SECTION  14  -  SURVIVAL  MEASURE 

There  are  no  survival  measures  required  by  this  project. 

SECTION  15  -  ENVIRONMENTAL  ANALYSIS 

We  have  reviewed  this  project  and  determined  that  an  environmental  impact  statement, 
pursuant  to  PL  91-190,  is  not  required.  We  have  assessed  this  project  and  determined 
that  it  will  not  contribute  significantly  to  air  and/or  water  pollution. 

SECTION  16  -  EVALUATION  OF  FLOOD  HAZARD 

These  facilities  are  not  sited  within  areas  known  to  be  subject  to  flooding  and  do  not 
encroach  on  wetlands. 

SECTION  17  -  INFORMATION  SYSTEMS  SUPPORT 

This  project  does  not  include  information  system  or  telecommunication  costs. 

SECTION  F18  -  HISTORIC  AND  ARCHEOLOGICAL  SITES 

We  have  reviewed  this  project  and  determined  that  there  is  no  impact  on  any  historic  or 
archeological  sites. 
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3.  INSTALLATION  AND  LOCATION 
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4.  PROJECT  TITLE 

LPG  STORAGE  FACILITY,  ECIP 

6.  PROJECT  NUMBER 

SECTION  19  -  ENERGY  AND  UTILITY  REQUIREMENTS 

This  project  will  provide  a  new  propane-air  backup  system  to  deliver  a  capacity  of  230 
million  BTU  per  hour  as  an  alternate  to  natural  gas.  The  facility  will  include  adequate 
propane  storage  to  provide  a  backup  fuel  source  for  10  days  of  use  by  family  housing  and 
other  single  fuel  users.  The  availability  of  a  backup  fuel  for  natural  gas  will  allow  for 
purchase  of  natural  gas  from  the  public  utility  at  a  lower  rate  resulting  in  an  estimated 
annual  saving  of  $830,000. 

SECTION  20  -  PROVISIONS  FOR  THE  HANDICAPPED 

In  accordance  with  Public  Law  90-480,  no  provision  for  the  handicapped  will  be  made  in 
the  project  since,  in  the  foreseeable  future,  the  facility  will  be  used  and  operated  solely 
by  able  bodied  personnel. 

SECTION  21  -  COMMERCIAL  ACTIVITIES 

Project  is  not  considered  for  commercial  activity. 

SECTION  22  -  PHYSICAL  SECURITY 

This  project  has  been  coordinated  with  the  installation  security  plan  and  no  security 
improvements  are  required. 
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8.  LIFE  CYCLE  COST  ANALYSIS 

8.1  Cost  Reduction  Opportunities 

Life  cycle  cost  analyses  were  prepared  for  several  different  energy  cost 
reduction  opportunities  as  described  below.  The  Life  Cycle  Cost  In  Design 
(LCCID)  program  was  used  for  the  analyses.  It  is  important  to  note  the 
analyses  were  based  on  energy  cost  reduction,  not  energy  use  reduction. 

The  opportunities  evaluated  consisted  of: 

1)  Reduce  firm  gas  commitment  to  10,000  therms  per  day,  the  lowest 
consumption  level  achieved  while  on  curtailment,  and  face  potential 
penalties. 

2)  Reduce  firm  gas  commitment  to  8,500  therms  per  day,  the  average 
summer  consumption  level,  and  face  potential  penalties. 
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3)  Reduce  firm  gas  commitment  to  0,  face  harsh  penalty  charges  in  case  of 
curtailment.  (This  option  would  probably  not  be  accepted  by  the  natural 
gas  supplier). 

4)  Reduce  firm  gas  commitment  to  10,000  therms  per  day  and  install  LPG 
peak  shaving  system. 

5)  Reduce  firm  gas  commitment  to  8,500  therms  per  day  and  install  LPG 
peak  shaving  system. 

6a)  Reduce  firm  gas  commitment  to  0  and  install  LPG  standby  system. 

6b)  Reduce  firm  gas  commitment  to  0  and  install  LPG  standby  system  without 
relocating  existing  natural  gas  pipeline. 

8.2  Results 

Options  1,  2  and  3  all  yield  significant  potential  savings  to  the  fort  and  require 

no  capital  outlay.  The  only  risk  is  the  potential  financial  penalties  that  would 
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be  imposed  if  natviral  gas  was  curtailed  for  more  than  the  2  day  per  year 
average  experience  over  the  last  4  years. 

Options  4  and  5,  reduction  of  firm  gas  commitment  with  installation  of  LPG 
peak  shaving  also  offer  significant  potential  savings.  They  meet  Energy 
Conservation  Investment  Program  (ECIP)  requirements  of  having  an  savings 
to  investment  ratio  (SIR)  of  greater  than  1  and  a  simple  payback  period  of  less 
than  8  years.  These  options,  however,  offer  no  significant  difference  in  savings 
over  options  1  and  2,  based  on  the  average  curtailment  of  2  days  per  year. 

Option  6a  and  6b,  elimination  of  firm  gas  commitment  and  installation  of  an 
LPG  standby  system  offers  the  greatest  life  cycle  cost  savings,  with  the  greatest 
SIR  and  lowest  payback  period.  This  supports  the  initial  direction  given  for 
preparation  of  this  study. 

The  LCCID  summary  sheets  for  each  opportunity  analyzed  are  included 
following  this  page.  Additional  summary  sheets  analyzing  greater  than  average 
curtailment  periods  are  included  for  reference  with  the  calculations  in 
Appendix  G. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP) 


LOCATION:  Fort  Gordon  REGION  NO:  _4 _  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  Firm  g  10.000.  2  dav _ 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  (+  contingency) 

B.  SIOH(6%) 

C.  DESIGN  COST  (6%) 

D.  TOTAL  COST  (lA+lB+lC) 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

F.  PUBLIC  UTILITY  COMPANY  REBATE 

G.  TOTAL  INVESTMENT  (ID-IE-IF) 


$  __0 
$  _0 
$  _0 
$  _0 
$  _0 
$  _jgi 
$  _0 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS: 


ENERGY 

SOURCE 


COST  SAVINGS  ANNUAL  $  DISCOUNT  DISCOUNTED 

$/MBTU(l)  MBTU/YR(2)  SAVINGS(3)  FACTOR(4)  SAVINGS(5) 


A.  ELEC  $ _ 

B.  DIST  $ _ 

C.  RESID  $ _ 

D.  NG  $ _ 

E.  PPG  $ _ 

F.  COAL  $ _ 

G.  SOLAR  $ _ 

H.  GEOTH  $ _ 

I.  BIOMA  $ _ 

J.  REFUS  $ _ 

K.  WIND  $ _ 

L.  OTHER  $ _ 

M.  DEMAND  SAVINGS 

N.  TOTAL 


3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 


$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$215.185  17.25 

$215.185 


$. 


$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$3.711.925 

$3.711.925 


A.  ANNUAL  RECURRING  (+/-):  $(-)  21.000 

(1)  DISCOUNT  FACTOR  (TABLE  A-2):  12.90 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1):  $(-)  270.900 

B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


ITEM  SAVINGS(+)  YEAR  OF  DISCOUNT 

COST  (-X1)  OCCURRENCE(2)  FACTORS) 


DISCOUNTED  SAVINGa+) 
COST  (-)(4) 


(1)  $ _ 

(2)  $ _ 

(3)  $ _ 

(4)  TOTAL 


$. 

$ 

$ 


C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  (3A2+3B4d):  $(-)270.900 


4.  SIMPLE  PAYBACK  lG/[2N(3)+3A+(3Bd(4)/Econ  Life)]: 


N/A  YEARS 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C):  $3.441.025 

6.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)  (5/lG):  N/A 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
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LOCATION:  Fort  Gordon  REGION  NO:  _4 _  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  Firm  =  8.500.  2  dav _ 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 

1.  INVESTMENT 

A.  CONSTRUCTION  COST  (+ contingency)  $  _ 

B.  SIOH(6%)  $  _ 

C.  DESIGN  COST  (6%)  $  _ 

D.  TOTAL  COST  (lA+lB+lC)  $  _ 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  $  _ 

F.  PUBLIC  UTILITY  COMPANY  REBATE  $  _ 

G.  TOTAL  INVESTMENT  (ID- IE- IF)  $  _ 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS:  _ 


ENERGY  COST  SAVINC^  ANNUAL  $  DISCOUNT 

SOURCE  $/MBTU(l)  MBTU/YR(2)  SAVINGS(3)  FACTOR(4) 


DISCOUNTED 

SAVINGS(5) 


A.  ELEC  $ _ 

B.  DIST  $ _ 

C.  RESID  $ _ 

D.  NG  $ _ 

E.  PPG  $ _ 

F.  COAL  $ _ 

G.  SOLAR  $ _ 

H.  GEOTH  $ _ 

I.  BIOMA  $ _ 

J.  REFUS  $ _ 

K.  WIND  $ _ 

L.  OTHER  $ _ 

M.  DEMAND  SAVINGS 

N.  TOTAL 


$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$307.407 

$307.407 


$5.302.804 

$5.302.804 


3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 


A.  ANNUAL  RECURRING  (+/-): 

(1)  DISCOUNT  FACTOR  (TABLE  A-2): 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1): 


$(-)30.000 

12.90 

$(-)387.000 


B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


ITEM  SAVIN(])S(+)  YEAR  OF  DISCOUNT 

COST  (-X1)  OCCURRENCE(2)  FACTOR(3) 


DISCOUNTED  SAV[NGS(+) 
COST  (-)(4) 


(1)  $ _ 

(2)  $ _ 

(3)  $ _ 

(4)  TOTAL 


C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  (3A2-H3B4d): 


$(-)387.000 


4.  SIMPLE  PAYBACK  lG/[2N(3)+3A+(3Bd(4)/Econ  Life)]: 


N/A  YEARS 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C): 


$4.915.804 


6.  SAVIN(5S  TO  INVESTMENT  RATIO  (SIR)  (5/lG): 
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ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP) 


LOCATION:  Fort  Gordon  REGION  NO:  _4 _  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  Peak.  Firm  =  10.000 _ 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 


1.  INVESTMENT 


A. 

CONSTRUCTION  COST  (+  contingency) 

$ 

1.945,716 

B. 

SIOH  (6%) 

$ 

116.743 

C. 

DESIGN  COST  (6%) 

$ 

116.743 

D. 

TOTAL  COST  (1A+1B-h1C) 

$ 

2.179.202 

E. 

SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

$ 

0 

F. 

PUBLIC  UTILITY  COMPANY  REBATE 

$ 

0 

G. 

TOTAL  INVESTMENT  (ID-IE-IF) 

$ 

2.179,202 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS: 


ENERGY 
SOURCE 

A.  ELEC  $ _ 

B.  DIST  $ _ 

C.  RESID  $ _ 

D.  NG  $ _ 

E.  PPG  $ _ 

F.  COAL  $ _ 

G.  SOLAR  $ _ 

H.  GEOTH  $ _ 

I.  BIOMA  $ _ 

J.  REFUS  $ _ 

K.  WIND  $ _ 

L.  OTHER  $ _ 

M.  DEMAND  SAVINGS 

N.  TOTAL 


3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 


ANNUAL  $  DISCOUNT  DISCOUNTED 
SAVINGS(3)  FACTOR(4)  SAVINGS(5) 


$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$ _  _  $ _ 

$215.185  17.25  $3.711.925 

$215.185  $3.711.925 


COST  SAVINGS 

$/MBTU(l)  MBTU/yR(2) 


A.  ANNUAL  RECURRING  (+/-): 

(1)  DISCOUNT  FACTOR  (TABLE  A-2): 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1): 

B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


$(-)  14.100 
12.90 

$(-)181.890 


ITEM  SAVING^S(+)  YEAR  OF  DISCOUNT 

COST  (-X1)  OCCURRENCE(2)  FACTOR(3) 


DISCOUNTED  SAVINGS(+) 
COST  (-X4) 


(1)  $ _ 

(2)  $ _ 

(3)  $ _ 

(4)  TOTAL 


$ 

$. 

$ 


C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  (3A2+3B4d):  $(-)181.890 


4.  SIMPLE  PAYBACK  lG/[2N(3)+3A+(3Bd(4)/Econ  Life)]: 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C): 

6.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)  (5/lG): 
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10.84  YEARS 
$3.530.035 
1.62 
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LOCATION:  Fort  Gordon  REGION  NO:  _4 _  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  Peak.  Firm  =  8.500 _ 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 


INVESTMENT 

A.  CONSTRUCTION  COST  (+  contingency) 

B.  SIOH(6%) 

C.  DESIGN  COST  (6%) 

D.  TOTAL  COST  (lA+lB+lC) 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

F.  PUBLIC  UTILITY  COMPANY  REBATE 

G.  TOTAL  INVESTMENT  (ID-IE-IF) 


2.029.882 

121.793 

121.793 

2.273.468 
0 

0 

2.273.468 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS: 


ENERGY  COST  SAVINGS  ANNUAL  $  DISCOUNT 

SOURCE  $/MBTU(l)  MBTU/YR(2)  SAVINGS(3)  FACTOR(4) 


DISCOUNTED 

SAVINGS(5) 


A.  ELEC  $ _ 

B.  DIST  $ _ 

C.  RESID  $ _ 

D.  NG  $ _ 

E.  PPG  $ _ 

F.  COAL  $ _ 

G.  SOLAR  $ _ 

H.  GEOTH  $ _ 

I.  BIOMA  $ _ 

J.  REFUS  $ _ 

K.  WIND  $ _ 

L.  OTHER  $ _ 

M.  DEMAND  SAVINGS 

N.  TOTAL 


$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$307.407 

$307.407 


$5.302.804 

$5.302.804 


3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 


A.  ANNUAL  RECURRING  (+/-): 

(1)  DISCOUNT  FACTOR  (TABLE  A-2): 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1): 


$(-)15.900 

12.90 


B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


ITEM  SAV1NGS(+)  YEAR  OF  DISCOUNT 

COST  (-)(1)  OCCURRENCE(2)  FACTOR(3) 


DISCOUNTED  SAVINGS(+) 
COST  (-)(4) 


(1)  $ _  _ _  _ 

(2)  $ _  _  _ 

(3)  $ 

(4)  TOTAL  $  ~  $_ 

C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  (3A2+3B4d): 


4.  SIMPLE  PAYBACK  lG/[2N(3)+3A+(3Bd(4)/Econ  Life)]: 


7.80  YEARS 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C): 


$5.097.694 


6.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)  (5/lG): 
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2.24 
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ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP) 


LOCATION:  Fort  Gordon  REGION  NO:  _4 _  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  100%  Standby _ 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  (+  contingency) 

B.  SIOH(6%) 

C.  DESIGN  COST  (6%) 

D.  TOTAL  COST  (lA+lB+lC) 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

F.  PUBLIC  UTILITY  COMPANY  REBATE 

G.  TOTAL  INVESTMENT  ( ID-  IE-  IF) 

2.  ENERGY  SAVINGS  (-i-)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS: 


$  2,413.556 

$  144,813 

$  144,813 

$  2,703.182 

$  _ 0_ 

$  _ ^ 

$  2,703,182 


ENERGY 

SOURCE 


COST  SAVINGS  ANNUAL  $  DISCOUNT  DISCOUNTED 

$/MBTU(l)  MBTU/YR(2)  SAVINGS(3)  FACTOR(4)  SAVINGS(5) 


A. 

ELEC 

$ 

B. 

DIST 

$ 

C. 

RESID 

$ 

D. 

NG 

$ 

E. 

PPG 

$ 

F. 

COAL 

$ 

G. 

SOLAR 

$ 

H. 

GEOTH 

$ 

I. 

BIOMA 

$ 

J. 

REFUS 

$ 

K. 

WIND 

$ 

L. 

OTHER 

$ 

M. 

DEMAND  SAVINGS 

N. 

TOTAL 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$ _  _ 

$830,000  17.25 

$830.000 


3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 


$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$ _ 

$14,317.530 

$14,317,530 


A.  ANNUAL  RECURRING  (+/-): 

(1)  DISCOUNT  FACTOR  (TABLE  A-2): 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1): 


$(-)25.050 

12.90 

$(-)323.145 


B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


ITEM  SAVINGS(+)  YEAR  OF  DISCOUNT 

COST  (-X1)  OCCURRENCE(2)  FACTOR(3) 


DISCOUNTED  SAV]NGS(+) 
COST  (-)(4) 


(1)  $ _ 

(2)  $ _ 

(3)  $ _ 

(4)  TOTAL 


$ 

$ 

$ 


C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  (3A2+3B4d):  $(-)323.145 


4.  SIMPLE  PAYBACK  lG/[2N(3)-H3A+(3Bd(4)/Econ  Life)]: 


3.36  YEARS 


5.  TOTAL  NET  DISCOUNTED  SAVIN(5S  (2N5-h3C):  $13,994,390 

6.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)  (5/lG):  5.18 
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LOCATION:  Fort  Gordon  REGION  NO:  4  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  100%  Standby  w/o  Pipeline 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  (+  contingency) 

B.  SIOH(6%) 

C.  DESIGN  COST  (6%) 

D.  TOTAL  COST  (lA+lB+lC) 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

F.  PUBLIC  UTILITY  COMPANY  REBATE 

G.  TOTAL  INVESTMENT  (ID-IE-IF) 


$  1.300.216 

$  78.013 

$  78.013 

$  1.456.242 

$  _ g 

$  _ g 

$  1.456.242 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS: 


ENERGY 

SOURCE 

COST 

$/MBTU(l) 

SAVINGS 

MBTU/YR(2) 

ANNUAL  $ 
SAVIN(?S(3) 

DISCOUNT 

FACTOR(4) 

DISCOUNTED 

SAVINGS(5) 

A.  ELEC 

$ 

$ 

$ 

B.  DIST 

$ 

$ 

$ 

C.  RESID 

$ _ 

$. 

$ 

D.  NG 

.  $ 

$ 

$ 

E.  PPG 

$ 

$ 

$ 

F.  COAL 

$ 

$ 

$ 

G.  SOLAR 

$ 

$ 

$ 

H.  GEOTH 

$ 

$ 

$ 

I.  BIOMA 

$ 

$ 

$ 

J.  REFUS 

$ 

$ 

$ 

K.  WIND 

$ 

$ 

$ 

L.  OTHER 

$, 

$ 

$ 

M.  DEMAND  SAVINGS 

N.  TOTAL 

$830,000 

$830,000 

17.25 

$14,317,530 

$14,317,530 

3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 

A.  ANNUAL  RECURRING  (+/-):  $r.)25  050 

(1)  DISCOUNT  FACTOR  (TABLE  A-2):  12.90 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1):  $(-)323.145 

B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


ITEM  SAVINGS(+) 
COST  (-X1) 

(1)  $ _ 

(2)  $ _ 

(3)  $ _ 

(4)  TOTAL 


YEAR  OF  DISCOUNT 

OCCURRENCE(2)  FACTOR(3) 


DISCOUNTED  SAVINGS(+) 
COST  (-X4) 


$. 


$. 


C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  (3A2+3B4d): 

4.  SIMPLE  PAYBACK  lG/[2N(3)+3A+(3Bd(4)/Econ  Life)]: 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C): 

6.  SAVIN(3S  TO  INVESTMENT  RATIO  (SIR)  (5/lG): 
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$(-)323.145 
1.81  YEARS 
$13,994,390 
9.61 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP) 


LOCATION:  Fort  Gordon  REGION  NO:  _4 _  PROJECT  NUMBER:  7469B 

PROJECT  TITLE:  LPG  Study _  FISCAL  YEAR:  95 

DISCRETE  PORTION  NAME:  Firm  =  0,  No  Standby 

ANALYSIS  DATE:  9/2/92  ECONOMIC  LIFE:  20  vrs.  PREPARER:  G.  W.  Smith 


1.  INVESTMENT 

A.  CONSTRUCTION  COST  (+  contingency) 

B.  SIOH(6%) 

C.  DESIGN  COST  (6%) 

D.  TOTAL  COST  (lA+lB+lC) 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

F.  PUBLIC  UTILITY  COMPANY  REBATE 

G.  TOTAL  INVESTMENT  (ID-IE-IF) 


$  _ 0 

$  _ 0 

$  _ 0 

$  _ 0 

$  _ 0 

$  _ 0 

$  _ 0 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS: 


ENERGY 

COST 

SOURCE 

$/MBTU(l) 

A. 

ELEC 

$ 

B. 

DIST 

$ 

C. 

RESID 

$ 

D. 

NG 

$ 

E. 

PPG 

$ 

F. 

COAL 

$ 

G. 

SOLAR 

$ 

H. 

GEOTH 

$ 

I. 

BIOMA 

$ 

J. 

REFUS 

$ 

K. 

WIND 

$ 

L. 

OTHER 

$ 

M. 

DEMAND  SAVIN(5S 

N. 

TOTAL 

SAVINGS  ANNUAL  $ 
MBTU/YR(2)  SAVINGS(3) 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

$830.000 
_  $830.000 


DISCOUNT  DISCOUNTED 
FACTOR(4)  SAVINGS(5) 

_  $ _ 

_  $__ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

_  $ _ 

$ 

17.25  $14.317.530 

$14.317.530 


3.  NONENERGY  SAVINGS(+)  OR  COST  (-): 


A.  ANNUAL  RECURRING  (+/-): 

(1)  DISCOUNT  FACTOR  (TABLE  A-2): 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1): 


$(-)81.000 

12.90 

$(01.044.900 


B.  NONRECURRING  SAVINGS  (+)  OR  COST  (-) 


ITEM  SAVINGS(+)  YEAR  OF  DISCOUNT 

COST  (-X1)  OCCURRENCE(2)  FACTOR(3) 


DISCOUNTED  SAVINGS(+) 
COST  (0(4) 


(1)  $ _ 

(2)  $ _ 

(3)  $ _ 

(4)  TOTAL 


$ 

$ 

$ 


C.  TOTAL  NONENERGY  DISCOUNTED  SAVIN(5S  (3A2+3B4d):  $(01,044,900 


4.  SIMPLE  PAYBACK  lG/[2N(3)+3A+(3Bd(4)/Econ  Life)]: 


N/A  YEARS 


5.  TOTAL  NET  DISCOUNTED  SAVINC^  (2N5+3C):  $13.272,630 

6.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)  (5/lG):  N/A 
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Conclusions  And  Recommendations 

U.  S.  Army  Engineer  District,  Savannah 

Ft.  Gordon  LPG  Study 

Final  Submittal 

9.  CONCLUSIONS  AND  RECOMMENDATIONS 

9.1  Conclusions 

The  most  attractive  economic  option  to  Fort  Gordon  is  to  totally  eliminate  the 
firm  gas  commitment  to  Atlanta  Gas  Light  Company  and  install  an  LPG 
(propane-air)  standby  system  to  provide  fuel  during  periods  of  natmal  gas 
curtailments. 

9.2  Recommendations 

There  are  three  recommendations  to  be  made  as  a  result  of  this  study. 

1)  Relocate  the  gas  main  through  the  fort  so  the  existing  main  and  branches 
can  become  a  local  distribution  header  that  can  be  isolated  when  necessary 
from  the  Atlanta  Gas  Light  System.  Install  a  full  capacity  propane-air 
standby  system  to  supply  fuel  to  the  single  fuel  users  during  periods  of 
natural  gas  ciirtailments. 
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I 

2)  Recommendation  1  can  apparently  not  be  implemented  xmtil  at  least  FY95 . 
It  is  also  recommended,  therefore,  that  reduction  of  the  firm  gas 
commitment  to  10,000  therms  per  day  or  8,500  therms  per  day  described 
as  cost  reduction  opportunities  1  and  2  be  negotiated  with  Atlanta  Gas 
Light  Company  as  an  interim  step.  This  would  present  Fort  Gordon  with 
significant  annual  cost  savings  until  such  time  as  the  new  pipeline  and 
standby  propane-air  system  can  be  funded  and  constructed. 

3)  It  became  apparent  during  this  study  that  there  would  be  significant 
benefit  to  Atlanta  Gas  Light  Company  and  benefit  to  Fort  Gordon,  if  the 
pipeline  were  to  be  relocated  to  a  location  outside  of  the  fort.  Fort  Gordon 
should  pursue  this  further  with  Atlanta  Gas  Light  Company  with  the 
assumption  that  the  gas  company  could  absorb  a  major  portion  of  the 
pipeline  cost  due  to  the  benefit  they  would  receive. 
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Appendix  A  -  Glossary  Of  Terms 

BTU 

British  Thermal  Unit 

cathodic  protection 

system  to  electrically  protect  burial  pipe  from  corrosion 

connected  load 

the  total  nameplate  rating  for  gas  using  equipment 

dual  fuel 

refers  to  equipment  with  the  capabilities  to  burn  two 

completely  different  fuels,  i.e.,  natural  gas  and  fuel  oil 

ECIP 

Energy  Conservation  Investment  Program 

firm  gas 

quantity  of  natural  gas  purchase  that  cannot  be  interrupted 

during  curtailment 

heating  value 

a  quantity  in  BTU  that  defines  amount  of  heat  available  in 

a  specified  quantity  of  fuel 

A-  1 
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interruptible  gas 

natural  gas  supply  that  can  be  discontinued  by  the  natural 

gas  supplier  dvu-ing  periods  of  curtailment  due  to  high  usage 

or  shortages 

LCCID 

Life  Cycle  Cost  In  Design  -  computer  program  specifically 

for  analysis  of  ECIP  projects 

LPG 

liquefied  petroleum  gas 

MMBTU/Hr. 

million  british  thermal  units  per  hour 

MCF 

thousand  cubic  feet 

NFPA  #58 

National  Fire  Protection  Association,  Code  Number  58 

psi 

pound  per  square  inch 

peak  shaving  system 

fuel  system  designed  to  keep  the  purchased  fuel  at  a 

constant  level  and  provide  back-up  fuel  for  upward  swings 

or  peaks  in  fuel  use 

A-2 
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propane-air 


mixture  of  propane  gas  and  air  to  produce  a  mixture  with 
a  lower  heating  value  than  piure  propane 


propane 


one  form  of  petroleum  gas 


right  of  way  easement  legal  grant  to  another  entity  for  the  unhindered  use  of  a 

portion  of  your  land 


SIR 


savings  to  investment  ratio 


SIOH 


supervision,  inspection,  overhead 


therm 


measxrrement  quantity  equivalent  to  100,000  btu’s 
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NATURAL  GAS  LOADS  -  BUILDINGS 
FORT  GORDON,  GEORGIA 
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NATURAL  GAS  LOADS  -  FUTURE  BUILDINGS 
FORT  GORDON.  GEORGIA 


ESTIMATED 


DESCRIPTION 

FY 

SF 

BTUH  * 

Army  Reserve  Center 

FY-91 

79,200 

4,581,313 

Family  Practice  Clinic 

FY-91 

32,400 

1,874,174 

Clinical  Investigation  Lab 

FY-94 

25,000 

1,446,122 

Consol.  Field  Maint.  Facility 

FY-95 

184,000 

10,643,455 

Training  Aids  Facility 

FY-96+ 

78,000 

4,511,899 

Physical  Fitness  Center 

FY-96+ 

24,600 

1,422,984 

Emergency  Services  Complex 

FY-96+ 

11,000 

636.293 

TOTAL  ESTIMATED  CONNECTED  LOAD 

25,116,240 

HEAT  LOAD  BASED  ON  AVERAGE  CONNECTED  LOAD/SF  OF  THE  132 
BUILDINGS  SURVEYED. 
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Appendix  G  •  Calculations 

U.  S.  Army  Engineer  District,  Savannah 
Ft.  Gordon  LPG  Study 
Final  Submittal 


Index 


No.  of  Sheets 

Heat  Loss  Estimates  For  Similar  Structures  -  Housing  1 

Heat  Loss  Estimates  -  Buildings  1 

Overall  Heat  Transfer  Coeff.  4 

Housing  -  Take  Offs  of  Typical  Areas  9 

Buildings  -  Take  Offs  of  Typical  Areas  13 

Fort  Gordon  Firm  Gas  Cost  4 

Summary  of  Propane  System  Alternate  Capacities  1 

100%  Standby  Size,  Firm  =  0  2 

Peak  Shave  Size,  Firm  =  10,000  1 

Peak  Shave  Size,  Firm  =  8,500  1 

Reduction  of  Firm  Gas  -  Basis  1 

LCCID  Cost  Calculations  8 

LCCID  Summary  Sheets  4 

LPG  Tank  Capacity  4 

LPG  Pipeline  Pressure  Drop  26 
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Total  Building  Heat  Loss  (BTUH)  70.000  89,000  100,000  87,000  149,000  149,000  196,000  272,000 


HEAT  LOSS  ESTIMATES  -  BUILDINGS 
FORT  GORDON,  GEORGIA 


^1^ 

>“  ft 

cn 

o  S 

a:  ^ 

T-  ^  CM 

^  LU 

SP 

MASON 

BUILTL 

'T^  d  d 

x-l  w 

>-  « 

CO  ^ 

a:  ^ 

t-  -r-  CM 

^  LU 

CD 

SP 

MASON 

BUILTL 

^  d  d 

^  (fi 

>-  ft 

CO  'T- 

Qi  ^ 

T-  CM 

2?  a: 
m 

SP 

MASON 

BUILTL 

'f-:  d  d 

in  2 

>“  ft 

CO  'T- 

o  5 

0^  9b 

^  CM 

SP 

MASON 

BUILTL 

d  d 

h-i  ^ 

>  ft 

CO  ^ 

a:  9: 

T-  CM 

^  LLJ 

00 

SP 

MASON 

BUILTL 

d  d 

in  W 

>  ft 

CO  N. 

o  S 

^  t-  CM 

S  LU 

o  ^ 

^  CD 

SP 

MASON 

BUILTL 

d  d 

CM  ^ 

>■  ft 

CO 

O  LD 

tr  ^ 

<1-  <<-  CM 

1 

SP 

MASON 

BUILTL 

^  d  d 

oiO 

>“  ft 

CO  h- 

ol  ^ 

cn  ^ 

▼-  ir-  CM 

g3|< 

SP 

MASON 

BUILTL 

^  d  d 

>-  M 

CO  -r- 

^  CD 

9r 

^  CM 

LU 

SI  5 

SP 

MASONI 

BUILTU 

d  d 

Sco 

^0, 

CO  ^ 

T-  ^  CM 

LU 

^  2 

SP 

MASONI 

BUILTU 

d  d 

OOI  -1 

>*  ft 

CO  N.  -f- 

^  ^  CM 

|2 

SP 

MASONI 

BUILTU 

^  d  d 

pl|  OQ 

>  ft 

CO  T- 

rv'  Q- 

CM 

S  o 

^8 

z 

SP 

MASONI 

BUILTU 

'T-:  d  d 

Q|  CD 

^  ft 

CO  ■»- 

fK  0- 

r-  ^  CM 

“Is 

LU 

SP 

MASONI 

BUILTU 

^  d  d 

OO  00  CO 
CO  00  h- 

d  in 


00  00  CO 
OO  00  N- 

d  in 


00  00  CO 
00  00  N- 

d  in 


OO  OO  CO 
OO  OO 

d  in 


CO  OO  CO 
flO  00  h- 

d  in 


00  OO  CO 
00  00  h' 

d  in 


OO  OO  CO 
OO  OO 

d  in 


20 

72 

3.00 

403 

CO 

8 

CM 

8 

CM 

g 

(0 

OO 

s 

s 

cm" 

co’ 

co" 

co' 

-M-' 

ai 

CM 

CM 

CO 

h- 

o 

CM 

o 

in 

CO 

O 

CM 

CO 

CM 

h- 

o 

CO 

s 

s 

o> 

(O 

OO 

(7) 

CM 

s 

g 

cm' 

CO* 

co' 

o' 

CM 

CM 

cm’ 

g; 

O  CM 

8 

00 

CO 

CO 

CM 

CO 

o> 

CM 

CO 

o 

OO 

OO 

00 

(0 

in 

CO 

CO 

CM 

CM 

CM^ 

CM 

O) 

o. 

cm' 

cm’ 

cm' 

CM 

CM 

CM 

in 

o 

CM 

o 

CO 

o 

CO 

LO 

o 

▼“ 

T— 

S3 

CM 

h- 

o 

o 

CM 

CO 

CO 

OO 

o 

o 

o 

CO 

CO 

CJ) 

C3) 

CO 

O 

C7) 

CM 

co' 

co’ 

cm' 

co' 

co’ 

CM 

CO 

in 

CM 

o 

CM 

o 

in 

o> 

C7> 

in 

CO 

CO 

CO 

CM 

s 

a> 

CO 

CO 

h- 

CO 

OO 

in 

CO 

CO 

in 

o 

o 

CJ>_ 

CM 

OO 

cm' 

co' 

co' 

cm’ 

cm' 

CO 

in' 

CM 

CM 

CO 

O  CM 

in 

CO 

0>  O) 

iQ 

OO 

CM  h- 

5 

CO 

!? 

00 

CM 

CM 

co' 

co'  co' 

nT  in’  d 

o' 

CM  in 

CO 

O  CM 

3.00 

o 

OO 

Oi 

a> 

OO 

in 

to 

CM  h- 

00 

CO 

CM 

o> 

o 

m 

o> 

o 

0) 

O 

cm' 

cm' 

2? 

TT 

en 

co' 

o 

CM 

o 

CO 

CJ> 

CO 

CO 

CM 

CO 

CO 

o 

CM 

o 

CO 

8 

CO 

o> 

CM 

CO 

CM 

CO 

CO 

CM 

CD 

CO 

CO 

CO 

oq 

r^" 

oo’ 

oo' 

co' 

o' 

S2 

r- 

in 

o 

CD 

CM 

'M' 

20 

72 

00 

8888 

ifi  a>  o 
-r-  CO 

CO 

00  CO  CM  CM 

^  h-  CD 

CO 

co"  o'  d 

o'  in  o' 

CM  CM 

in  in  CM 

CM 

S 

20 

72 

3.00 

o 

CO 

s  s 

CD  CO 

o 

8 

in 

8 

CD 

o 

oi 

in' 

co' 

cm' 

00 

CM 

OO 

■r* 

CM 

O  CM 

o 

CM 

CO 

•r“ 

CO 

in 

a> 

'M' 

CM 

5 

CO 

8 

o 

CM 

CM 

CO 

CO 

00 

s 

oo’ 

co' 

co' 

o' 

o' 

CM 

CM 

CO 

1^ 

in 

00 

CM 

in 

O  CM 

o 

o 

CO 

oo 

00 

oo 

CM 

in 

CM  N- 

o 

CO 

N- 

o 

o 

in 

c;> 

8 

8 

O 

CO 

in 

in' 

■M- 

r^’ 

CD^ 

■M-' 

CM 

O) 

in 

O  CM 

o 

oo 

5r 

CO 

O) 

oo 

CM  h- 

5 

CD 

CD 

CM 

CO 

CO 

CM 

in 

OO 

CO 

OO 

in 

OO 

CM 

CM 

in 

CO 

co’ 

oo’ 

cm' 

cm' 

oo' 

LQ 

in' 

CO 

in 

in 

o 

CM 

S 

1,122.CXX)  719,000  970,000  569,000  831,000  796.000  159,000  314,000  154,000  233,000  125,000  186,000  160,000 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ') _ SHEET  ^0.  ^  _  OF  ^ 

BY_  _ DATE _ CHKD.  BY _ — - 


JOB  NO. 

DATE-I^ZlJ-lflL 


Pt^rpo£.&  '•  <?  TIA  vv-N >  VT  (?  iO  <^  CC  \-}(?  t>rr  / /2  A T\J 

C'' Ci"  of^  A  TZp/CfirL  f/fMfCy 

//vcyS/^^y 

'^AS/S  ■ 

C»yp5  U  /M  E)OCt  /2  O 

2 "  L  tA  T  /Q 

J  '/z"  p 

Yz  "  pz y  h/z>  o  o 

'Jz'  Shfr^/(rs 

*  l-^D  ^-<S  I  btAJ  , 

A/V>4\:>o6k  cJ^  Ck>  0  (J  4  UC’iA'V  ILA:*^  I  «\J 


i  u//iT/6r^S .' 


d)  P 10 ns  ;  IXt 


/—  ^VP^vir\^  ^oetlZl^ 

2  -  J~^S  A  Tf  o  N 

3  -  P  f/2 
^'•piyyt/ooO 

S  -  l^L  y  ^ 

0u£ii2Rll.  U--* 


_ ! _ 

E.+liz  V\5.^v(Z.i 


Ir 

A 

_zi 

/e 

yz" 

Z.2.Z 

A  6 

z  " 

-|43 

n 

r/z 

.  Bo 

Yz 

ly 

•  uS 

Rt  = 

^  iZ  ^ 

\ 

A 

2,2'^ 

r  WZ 

Btu  _ 
S  F  “p 

Btu 


N«.  1  •  /  ^ 


•  Table  4A  Coefficients  of  Transmission  (t/)  of  Fraine  Walls 
These  coeffidenu  sre expressed  ia  Btu  per  (hour)  (square  foot)  (decree  Fahrenheit)  difference  ia temperature  berween  the  air  on  the  two  sides), 
_ and  are  based  on  an  outside  wind  veiodty  of  15  mph _ 


Replace  Air  Space  with  33-ia.  R-ll  Blaaket  Insaladon  (New  Item  4) 


1 


Ressstance  (R) 


Its  45*7 


Construction  No.  1 :  (/, 

{0.2 

Construction  No.  2:  C/,  = 


Construction 

Between 

Framing 

At 

Framing 

Between 

Framing 

At 

Framing 

1.  Outside  surface  (15  mph  wind) 

0.17 

0.17 

0.17 

0.17 

2.  Siding,  wood,  0.5  iij.x  8  in.  lapped  (average) 

0.81 

0.81 

0.81 

0.81 

3.  Sheathing.  0.5-in.  asphalt  impregnated 

4.  Nonrcfleciive  air  space,  3.5  in.  (50  Fmean;  10  deg  F 

1.32 

1.32 

1.32 

1.32 

temperature  difference) 

l.OI 

— 

11.00 

— 

5.  Nominal  2-in.  x  4.tn.  wood  stud 

— 

4.38 

— 

4.38 

6.  Gypsum  wallboard,  0.5  in. 

0.45 

0.45 

0.45 

0.45 

7.  Inside  surface  (still  air) 

0.68 

0.68 

0.63 

0.68 

Total  Thermal  Resistance  (R) . 

. .  .  /?,»4.44 

/?,*7.81 

/?, -14.43  R 

,*7.8l 

.225;  U, *1/7. 81  *0.128.  With.  20%  framing  (typical  of  2-in.  x  4-in.  studs  ^  16-in.  o.c.), 
).128)*  0.206  (See  Eq9) 

•  0.069;  U,  -  0.128.  With  framing  unchanged,  C/„  -  0.8(0.069)  +  0.2(0.128)  -  0.081 

y„-o.i 
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Table  4B  Coefficients  of  Transmission  (V)  of  Solid  Masonry  Walls 

Coefficients  are  expressed  in  Btu  per  (hour)  (square  foot)  (degree  Fahrenheit  difference  in  temperature  between  the  air  on  the  two  sides),  and  are  based  on  an 
_ _ outside  wind  velocity  of  1 5  mph _ _ 


Replace  Furring  Strips  and  Air  Space  with 
1-in.  Extruded  Polystyrene  (New  Item  4) 

Construction 


I 

Resistancefff) 


Between 


At 


1  2  3 


4  5  6 


1.  Outside  surface  (15  mph  wind) 

0.17 

0.17 

0.17 

2.  Common  brick,  8  in. 

1.60 

1.60 

1.60 

3.  Nominal  I -in.  x3-in.  vertical  furring 

— 

0.94 

_ 

4.  Nonreficetiveair  space,  0.75  in.  (50  F  mean;  10  deg  F 
temperature  difference) 

l.Ol 

5.00 

5.  Gypsum  wallboard,  0.5  in. 

0.45 

0.45 

0.45 

6.  Inside  surface  (still  air) 

0.68 

0.68 

0.68 

Total  Thermal  Resistance  (R) . 

R,  -  3.9! 

R,  *  3.84 

Ri  -  7.90  -  R 

Construction  No.  !:(/,  = 
Construction  No.  2:  C/, 


1/3.91-0.256;  1/3.84*0.260.  With  20%  framing  (typical  of  1-in.  x  3.in.  vertical  furring  on  masonry  @  16-in.  o.c.) 

-  0.8(0.256)+  0.2(0.260)*  0.257 
•  V,  =  =•  1/7.90*  0,127 


« 


Table  4C  Coefficients  of  Transmission  (CO  of  Frame  Partitions  or  Interior  Walls 

Coefndents  are  expressed  in  Btu  per  (hour)  (square  foot)  (degree  Fahrenheit  difference  in  temperature  between  the  air  on  the  two  sides), 
_  and  are  based  on  still  air  (no  wind)  conditions  on  both  sides  _ 

R«ptac«AlrSp»c*wHb3J4ii.R-IlBI»nk*«Iiisutodoii(NewItem3)  ‘  Re»l5l»iice(R) 


HouSiN"^ 
IaJKUS 
(^Typ .  Cfrt.c') 


Construction 

Between 

Framing 

At 

Framing 

Between 

Framing 

At 

Framing 

1 .  Inside  surfa«  (still  air) 

0.68 

0.68 

0.68 

0.68 

-  1 ' 

2.  Gypsum  wallboard,  0.5  in. 

0.45 

0.45 

0.45 

0.45 

3.  Nonreflective  air  space,  3.5  in.  (50  F  mean;  10  deg  F 
temperature  difference) 

1.01 

— 

11.00 

— 

1 

4.  Nominal  2-in.  x  4-in.  wood  stud 

— 

4.38 

— 

4.38 

i 

1  1 

1  4  S 

g  5.  Gypsum  waiiboardO.5  in. 

0.45 

0.45 

0.45 

0.45 

6.  Inside  surface  (still  air) 

0.68 

0.68 

0.68 

0.68 

Total  Thermal  Resistance  (R) . 

.  Rr  3.27 

/?,-  6.64 

ff,- 13.26 

Rr  6.64 

CommictxmNo.  I:  C/|-  1/3.27  -  0J06;  C/.-  1/6.64 
(0JO6)  +  0.1  (0,151)  -  6.290 


CooitnicoonNo.2;  C/|  -  1/13,26  *  KkSni.V, 


0.151.  With  10^  framing  (typical  of  2-in.  x  4-in.  studs  ®  24-in.  o.c.),  C/,, 
1/6.64  »  0.151.  With  framing  unchanged,  t/j,  ■  0.9(0.075)  +  0.1(0.151)  *  0.083 


•0.9 


...  -V  .  Coeffldenti  of  Transmission  {(/)  of  Masonry  Walls 

Co^rh  ti  ne  otpiqaadia  bai  per  Qmw)  («q— w  foot)  (degree  Fahrenheit  difference  in  temperature  between  the  air  on  the  two  sides), 

on  an  outside  wind  vetodtyof  I5mph 


UJ 


Replace  CMcr  Aagcgale  Block  with  6-ia.  Ught-weighc 


pile  Block  wttli  Com  FVed  (New  Item  4) 

Coaslractiofl 

Between 

Furring 

At 

Furring 

Between 

Fnrring 

At 

Furring 

1.  Outside  surface  (15  mpb  wind) 

0.17 

0.17 

0.17 

0.17 

2,  Face  brick,  4  in,'  “rtv"-  .  / 

0.44 

0.44 

0.44 

0.44 

3.  Cement  mortar,  0  Jin. 

0.10 

0.10 

0.10 

0.10 

4.  Concrete  block,  cinder  aggregate,  8  in. 

1.72 

1.72 

2.99 

2.99 

3.RenecUve«irn»ce.q.7SiB.(S0FineMi;30defF  ^ 

temperature dirrotoce)  . 

2.77 

r  ^ 

2.77 

‘  6.  Nominal  1-in.  x  3-ui.  vertical  furring 

—  • 

0.94 

0.94 

7.  Gypsum  wallboard,  OJ  in.,  foil  backed 

0.45 

0.45 

0.4S 

0.45 

8.  Inside  surface  (still  air) 

0.68 

0.68 

0.68 

0.68 

Total  Thermal ResistanceiK) . . . . . .  .  < 

.Rr  6.13- 

Rr  ^.30  i 

»r  2.60 

Rr  3-77 

Con«ructionNo.l:  (/,-  1/6.33  -  0.158:  U.  -  fnunfaf  (typid of  Hn. »  3-in.  vertical  furring  on  masonry  •  t6-in. 

■■  O.C.).  y'  -  0.8  (0.158)  +  0.2(0 J22)  <0;^  . 

CoiwnictionNo.2:  i /7  «>  -  n  I  W.y.  -  1/5.77  -  0.173.  With fnunimnnclipnied.  y„- 0.8(0.132)  0.2(0.173)  -  1.40 


LOAD  CAICUIATIONS  2-163 


4 


Coastniclion 
(Heat  Flow  Up) 

1 .  Inside  surface  (still  air) 

1.  Metal  lath  and  lightweight  aggregate  plaster,  0.75  in. 

greater  than  3.5  in.  (50  F  mean; 
1 0  deg  F  temperature  difference) 

4.  Metal  ceiling  suspension  system  with  metal  hanger  rods 

5.  Corrugated  metal  deck 

6.  Concrete  slab,  lightweight  aggregate,  2  in. 

7.  Rigid  roof  deck  insulation  (none) 

8.  Built-up  roofing,  0.375  in. 

9^Putside  surface  ( 1 5  mph  wind^ 


Table  41  Cocf flcicDts  of  Trmiuinissioii  {ID  of  Wood  Constnicdon  Flat  Roofs  and  Ceilings 
(Winter  Conditions,  Upward  Flow) 

Cocfficientt  are  expressed  in  Btu  per  (hour)  (square  foot)  (degree  Fahrenheit  dirference  in  temperature  between  the  air  on  the  two  sides), 

_ _  and  are  based  upon  an  outtide  wind  velocity  of  \  5  mph  . . . 

Replace  Roof  Deck  Iniuljilion  aad  7.2Wn.  Air  Space  with  6An,  R-19  Blankel  InsulaUoii  and  1.25-In.  Air 


Space  (New  Hems  5  and  7) 


Resistance  (R) 


Construction 
(Heal  Flow  Up) 

Between 

Joists 

At 

Joists 

Between 

JobU 

At 

Joists 

1 .  Inside  surface  (still  atr) 

0.61 

0.61 

0.61 

0.61  1 

2.  Acoustical  tile,  fiberboard,  glued.  0.5  in. 

1.25 

1.25 

1.25 

1.25 

3.  Gypsum  wallboard,  0.5  in. 

0.45 

0.45 

0.45 

0.45  i 

4.  Nominal  2-in.  x  g-in.  ceiling  joists 

9.06 

— 

9.06 

3.  NonreClectiveair  space,  7.25  in.  (50  F  mean;  10  deg  F 
temperature  difference) 

0.93* 

1.05** 

_  j 

6..Plywood  deck.  0.623  in. 

0.78 

0.78 

0.78 

'7.  Rigid  roof  deck  insuiation,  c  -  0.72,  {R  •  l/C) 

1.39 

1.39 

19.00 

— 

t.  Built-up  roof 

0.33 

0.33 

0.33 

0.33 

9.  Outside  surface  (IS  mph  wind) 

0.17 

0.17 

0.17 

0.17  ! 

Total  ThmmtlRerataneefR} . 

ESOZI 

R, -23.64 

R,-12.63  : 

Conitniction  No.  I  f/i  “  1/5.91  “  0.169;  tf,  •  1/14.04 « 0.071.  With  109li  framing  (typical  of  2-in.  joisu  •  16-in.  o.c.).  •0.9 

(0.169) +  0.1  (0.071) -0.159 

Construction  No.  2U,  -  1/23.64  -  0.042;  -  i/12.65  ■  0.079.  Whh  framing  unchanged,  (/^  •  0.9  (0.042)  +  0.1  (0.079)  -  0.046 _ 

•U*elanertiirspeoe(3Jln.)vahieflio«minTable2.  ■  -  -  - 

**Interpolaicd,vahic  (0  F mean;  lOdm  F temperamie difference).  /  _ 

:  ♦;  M.-  ,V  ,  ... 

.  .....  •«(*. 

'.via i;'S«crv...v:.T " 

'  -'y? > > - ;  r:^ ~ .  ■ 


k*-, j  •.  \  'm 


lOAD  CAICUIATIONS  2-167 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ~  \<^Ve.  O-T  *Tyfi  SHEET  NO. _ /_  OF  _ JOB  NO.  ^ 

BY _ L-  L  -S _ q;sj£ _ ~7  2. _ CHKD.  BY _ DATE _ 

v-ONi::c- 


Typis  ~  \  ~  |  "Du 

-  ys"/2^  -  2,4-z.<^i  •= 

'3>LJ>G^  I  ■76’<2> 


<^(-AS  5 

3:}.Sx&^d^^Ci> 

2.(2  /  S'.  2<^-  ' 

5a  os 

2^  ■2.^.^(i.  V 

4^02. 

/  r/2 

3  <?/r.  34  ' 

1(2  » 

1&.47 

1@ 

Zj$  IS.  3<\r  - 

3o.o0 

1  le  ^  -  " 

2_cg  /  f-  5>V  ' 

3o.as 

i  ^  ^ 


b'^ex/ 


'Z^  X  2_<t- 

/  0?2. 
I  ‘yc^& 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS.  INC.  RO.  BOX  1286.  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ~  IYpAt(*^ 

HATE  Wzyh;- 


.  SHEET  NO. . 


.OF. 


j| _ JOB  NO. 


BY 


.CHKD.  BY. 


.  DATE . 


(S'/-/-/ 


f? 


t>i> 


PU  i 


T^/p'^jr  I  ^jT)p  y  ~  Z, 

S.F.  -  ~  Z^.oz^\Sb'?3Z 

^Df=-  “  ZAoo  T=V’*' 

Re.  *  2‘^KX3  Ft^ 


I^AvLf> 

p,S.  LrC^  ye>  y  w  -  157  ai'Sr 
26>,  2  5X<S.yt  '  4i"3. 


IaJ  i  fsI^ouJ  S 


{  (?  2X3(^  ^  2.z.sc^  yz^- 
3(?  isr.s^-  ^  44, OL.  X  2.  - 

\(p  \S.  4r'?  -  (  5.  4?  At'  ”2,  - 

I  (5>  4.  "  4.  41.  .X  Z  ^ 

’Dge>(i 

(  (c)  44  ^  sc^.44  ^  ^  c 

A-  -2.-  45^.04. 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  M  \  ^  cr^f^ ^ 

BY _ 7  [ZH  I  ^ 


.  SHEET  NO. 


-3_  OF  ^  JOB  NO. 


.CHKD.  BY. 


.  DATE . 


£a^  7. 


pj 


h . 


CtlGa'. 


'TyfC:  / 'T  i>fQ  '2  t>L^ 

(SsoF  -^^rs 

^Lt>6,,  f~zoa/t 


C'J/ilCS 

f^,S3x6x^  -  I^y-b.zz 
^  •s-^x  (S  X  'S.  -  S  . 

. 2.0?:.<5"6- 


(j^lA:5>.:^ 

I  (P  ■  B  Co  ;  x  -  44.72 
4C?  IS-  3A-  X  z.  [  Zl.-ji, 
l(?  l^.4-7  ^ 

((?  3C>.  xZ^  - 


I 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT-  Iz-Vf  otTFS  Tv/()  A<ro^^ 

BY _ _  nATF  7^^''/  ^  HHKn  RY 


SHEET  NO. 


JLof 


JOB 

DATE _ 


)  PJ 


PO 


I  £7^  Z.  ^1>0 

"Ty  /’S  "  '2-  “4  B.'2,  T^up  Lc3t~  2-15(7 

CO/^uv-S -  2.272  -  -  tO\TA^ 

(^LA-ss-  2.S2P.07. 

'Roof  -  i-Lie> 

Bi-1^  .Fi-oo(<L~  2.5  7  C> 


. . ) 

- -a 

Dt5 

[j?o 

(rucv, 


2-1^2  xSxZxz  -  /5^H- 

7  3,<8S 

Z‘^^S>X  Z  X  z  ~  ^ 28 

\,^  Z2,  5>  -  Z-Z.  SC-X  2  • 

44^22 

2Z72. 

Z(S>  (  S.  5<V  ■  X  -i,  -- 

1  - 

i(^  \8,^n  ~  15.47  xz  = 

1C£>  =  IS-.  34x2-  " 

S0.G5 

1  (5  <4. 2-2-  -  ZZ  X  z  - 

J.44 

2_5Z:s>. 


42-  ^  2a  -  VZ\& 


f-2_OC>(^ 


^f^<2-(3xii)  X-2.-53  '1(8'^  2S70 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  \JL  S  ^ 
Rv  LL 


nATC  '1  IS  r^ut/Tx  Dv 


.  SHEET  NO.  -  OF 


.CHKD.  BY. 


3 _ JOB  NO.  I' 

_ DATE _ 


t>L>  t)0 


Do  Oo 


I  l3lM  I  ^  DU 


: 

1 

1 

D'J  1 

l±iJ 

r - 

VO 

T'y^C —  2  5  Oo'Ab  -  4- hO 

c  ~  ^  ^*04"  3^0  3-^  ^  0? 

i^tASS  Si  1.0^ 

^33=  -  :2.43  O 

6lD6.  ,R /2.  4-7*Vo 


/a<n-L5 

-  z^SS 

■iC|.y<S.X2.xa.  =  2;8 

3  C»  V  Co 


aCA5j> 

|^-2,2,3fe>-  z;2.3(;o  X 
2-(5'  1 5‘.3'V  -  3c>.^g  A-<\- 
1(2  lS.<f-7  ^  (^-4-7 

IS-.SA--  1^35^  4 

1  (p  4*.  2.2.  =-  4.^2.  X  <i<- 


I4l.7(^ 

122.72. 

73, as 
vc^.6g 


/2bo 

-  243(. 


-  fs^i  i)  =  31  xz^i  X2.  -  33  -IlSr  X4  -474' 


SUBJECT. 


/-lc>u5irJdy  — offs  I \/P-  y4nfcK^ 

^ _ DATE  7  A  _ CHKD.  BY _ 


t>0  D  0  (  D>0 

PuAtvi 


I>0 

DO 

i  oo 

1°^  . 

Exjix/, 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


.  SHEET  NO.  ^  OF  _ JOB  NO.  ^ 

_ DATE _ 


(sryi  Z 


\'^f<r~Z^Toa-y  4  6  £.  cpu^[/iLcx  -  4  X-  ■ 

-  B6=-silc-  S12.o«f 
(:acA6S  -  ClE.oV 
^x>F  -  ^4-3  0^> 

.  Fi.oo<^-  4-740 


X  Z,> 

2.4-Y-  8^  4 


- 

-  443 

3  \  (£> 


Z®  56.. ^4- 
1(2 

2i2  IS,54- 
]<»  18  .47  ■= 
12  IS’^S^- 
ICE  4. 


42,36.  ->f 4 

-3fc>,4S 

^  t.S.47^  4 

^  4 

'  i-.  2-Z  >  4 


(51.44 

7^.5^ 

^  (  jSl^ 

J4.8S 

5'>z,o4- 


-2  )  xz^t  x4  ^  Z^3(jp 


TTocp^ 

fe>(=>X ^  - 6C4  X  Z  -33  -  I  IBS’ X 4  --  4740 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  WP  ^  SHEET  NO.  ^  OF  ^  JOB  NO.  7^4?^  B> 

BY _ U^S _ date  7  ^ 


.CHKD.  BY. 


.  DATE . 


/  e?^/  (sp) 


VO 


DU 


DU 


OU 


VO 


n 

:□ 

\>0 

y 

ii'Ji. 

DU  \to  IDo 

- =_ - f 

A 


CAhi 


I  yPE.  ~  l  C^V>o 

((JAlus  -  4^oa  --?8C^.oU'  4I7^M4 

Z0S4 

J^oOf^-  '7 no 


k?An^y 


C^MAH. 


'  ^OSZ 

Z.‘7y<$x  2  x  2  -  f2& 


te  22.%C^ 
ZQ  i^.  34 
l(y  J&47 
/CD  /ir.34- 
/(?  4.22 


22.S6»  >x  (i.  -  /S4,  \o 

^O.G^PCC:.  - 

/&>  ^4"?  X  Q  ~  1 1 0.  5  2 

/i“  -XT  (f?  *  4^Z.o4 

4.  j<  G  =  Z^.  52 

7^6.  OC. 


. .  /%£>o4 . 

Zix  ?  1 ^Z~SS  '  nS^A^C.  ^7//o 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ■■■  AT 

RY 


g>-f  TyrO. 

.  DATE _ I  ^  ^ _ CHKD.  BY _ 


I  C(^oi 

( /  &^i(sp)  8 


.  .  f  i  ' 

PU  0o>  DC> |(io»  D0|oc)  u; 


PD  bo  o>>looi  pol  bjbol-bo 


.  SHEET  NO.  OF  _ JOB  NO.  7^6^  JB 

nATP  7/2 


'T'yPCr~^  $'WPY?d^  GlCi^pLtiS.  ~  BhO 

C»i-A5S.-  IC)2.A-.£=-S 
p-  ~  4”S  7 
L  t>6  .Fi.  /2.  ~  ^  4-So 


Odhlil 

2.\ ^  -  5“'?>7o 
LT  >(&>>^  Z  XZ.  ~ 

<^3c>A- 


AS- 5 
'll? 

](P  zz.  zu 

Z(Z  \3-.  S<p 

»a,4') 
Ic®  vs.  54- 
lie  4. 


5<i».44 

30,  x  g 

~- 

iS.S^jz  S  ' 

4.2-2  ^  ^- 


z^S'.SZ 
}  7g.  BS> 

1  47.  7C^ 
12.Z.7Z 

35,  7^ 

ICP Z4-,  oS 


16.SX74F4S72. 


(l^igxS'g- 

'Pc>C>F^  X  2_  "(^Sx  \  -2  1 >r  2  ^ 


-_  )  i&S  y  S--  44S>o 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


rSIMONSi 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  jDu^lQi 
RY  LL^ 


lyPICAU  SHEET  NO.  /  OF  JOB  NO. 

DATE  y  /  ^  CHKD.  BY .  riATR 


^>6^; i_Di  Kjc::^  \3^0C:> 


2^2^. 


5g 


^/(ICLS  (^LA'S’b 

/\^S  o/f' 

'2,-2^A(^AI2^2.  -  S2.^S.3^ 

X /Z^ =  IfSD.oS  74-^!f; 

3.o.S?x 2.  73^,  ^2- 

CStW CJ^T"  V-.  1^  I  Th ^ 


ly/^’cr  "  I  S'nrc.'/  ^tT>i  ^5c'»^on  t~  ■■‘'- 

KJ  $OVC.  ^  A'SfHACr 

54 1 s!<4.c.c  ^  345>C^c^7~^Ai<~. 

14- -o'-  kjiCH  Of  I  '-O"J^Cic0^,^^ 

<Oe>^C/Si:FrF:  0^/^2)St:s^yyo  UJc-4FFF^^  . 
uJal^S"  o^ys'^s^ 

^Cy455  —  S^S>  ,y>  2^i(jr.z:F  )rJ 

-  l8SZ4rA 

Sa^<2^  e>'^  r  AJ^a 3  oS>y.  2,4-  -  ziu.zr  -  2<$73 
(^LA1>b 

/\^S  (Z  A LAS  S  /  2  *%  Of- 

74-5^,54^ 


2^'Z0.6,4  Xl4  -  ^t>S^.Z.<V 


,4s  3o'HCr  7*^  <7/^  ^A^'yc/i^(^C>. 
3o  "2-4  X  .07  - 


*^doF- 


f~zloo/^  ^l/J2ucip(S^ 


(pjO,(^(^  30.s£)  2^10,(^X00.4Z  XZ.  - 

13  442-^1  1“  3  -  /(S  1*241  174. ^ Bc?.a3 


53  267.^1 


[(SIMONSl 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  Dla  \  S 

BY  ^ _ DATE  f  ^  S  I  ^ 


Typ  S 


.  SHEET  NO. 


OF  _i3_  JOB  NO.  S 


.  CHKD.  BY . 


C?  (nCO  OpiL-y-i  f-4 i 


iZS.o 


I  ypis  ~  I  ‘Sts?  (2-y  ^  I ^/S  o' 

‘^TCiGrc.  u^is  ^/S't  L-"^  ^im 

Bofir^  ^ClS-iU  f-i<^ h  Sc^/lt-U/^ 
^TE^-^'Oaz.  lj-J‘S>c/l,A'rcrx^ 

^/r?i  .  C  yi^,  So/K^ 

—^$369  —  700  ~  S^S~?CC> 

(^l»4  55  -  >6^0? 

-  ip4oe> 

AiUia,  -  i~?^3 


)  2.  S  -V  ^  -  ?>  o  7  2. 

&^3U 


\lA  55 


/4'^5p  /  2  c^/®  c  . 

6^'530>  A /"^yo 


1-509  |?-4-C?6 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ^yp  gp 

BY _ DATF  “7/^0!^  Z-  HHKn  ry 


SHEET  NO.  OF  JOB  NO. ^ 
_ DATE _ 


UlL.-0,,^Gf 

■2jC>Z.S>'^  1 

I& 

1 

.  -J 

, 

. . . . .  ...  i 

i  /T/,S3 

I 

i 

40' 


2. 1  3 


'Ty/^C  ~  /  uun 

3(^/u  Tt/r  0:^0  /O '  L-L^  S 

‘T/0^,4  -  /o^z  .->7  t>o\l>.(jp 

Z-’^'L-Ph  I'b 
/^.ooA  -  Z3-zyi  .  >3, 


UMtJL3>  60'/-/  tuiA  ^ 


3Z^C^  KlO  ICp^Z.’Z  /Z’%>  1^4  t^cc. 

Zo2..  S'S^lO  X  Z  -  4o5^.Cp 

|S'L<S3  X  IC>XZ.  -  3c)SC»4^  ^ IOC>.^^l2.Vo  \0<iZ  ,7y 

igj  X  lep  X  z.  -  _■ 


Rac?f=^ 


p>C:>fZ, 


'^-L.SSx^az.L.C^  ~  K^lC^S,^^  Am^ 

(S=-X,Z‘^. . . =  ..  .:.  .  43Z  . ■ . . ~  . . 

I'il.SSx  4o  =  Oo?3.z. 

.  . 2,3  .  .  .  . 


KSIMONSl 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS.  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT. 


1  L  0\  ^  -  I  \c(^  off  ^  ^ 

_ DATE  7  I  1  ^ _ CHKD,  BY _ 


4  „  i3 


.  SHEET  NO.  ^  OF  ' -f  JOB  NO. 


■774‘^1? 


/MoT  l/4AUODtI> 
'  /w 


lS>o/i-C:>  1  mG, 


{{^  O  ' 


(hjor  )f/c<.ucci> 
h  fxor>£.Cii^  ^5 


I  'yfl^  ~~  !  <^/-‘C-.  Block. 

"^3/^otc  {/hr^iPStC.,  'Su/ur-^J/^ 
£oS>/^. 

~ ;o\ 

4^/9^<.^5  “  >1  oosr.  z I -  <^(><5^.69 

C^LASS  -  B'2o.6>Z- 

■“  /  /  3  2jc>  .  ^1 
f^Go/2.  -“  1  /  3  2-0 , 4-1 


LOa-l^  \  f (^fizr)e-U^-i> .  WtzL-i 

h/bu  ^L/zco/zo’  Uc.h') 

l-ZSb  y2x=>  ■=  2,4<^q 

^2-3.  X  Z>^  -{s?.'^3Xt(^  ~  ^  ^<^'7 

SG.'53  V2£>  34-S3,-2» 


72.  IGX/ox 
5'333X'c) 


'  S'Serp-B 
H  <00  S'.  ■2_ 


•A  S3 


c:;n.c. 

lOOS'.Z  I'Z.  ^  |3^o,G^. 


SCr,S3  -<  12^  _ 
r?.  ?'3  X  iz.\& 


t>ol  ,  gZ. 

1 1 220.  4-1 


KSIMONSl 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301, 404-370-3200 


SUBJECT. 


7figh 


JOB  NO. 


-CHKD.  BY. 


i^ciL-D/ isic,  £‘=^--^“14- 


'SB.S3 


'TyF(^^  I  Sro£' 


-  •?  I  C.B  .<r 2.  SSI.  Lr^03. 

A  .  c fiY 

2-0  Z  S', -74- 

f^a/S-Ai^GA-  2;®  2.0 5",  7<^ 


^4-cc^  5  fpeAP.  Cm>\ 


[yS.GG  K  I 2- 

I  \b.U,Q>  <Z'<  Z  ~ 

i’.S'S  X  iz  - 


fZ3^, 


yAs30>/^CS-  !  Z^o 
^\G3>,S~L  X./Z^^>1-6e. 


FLocry?. 


^  HO.UU  -  ifS^t  Z 

SB.BSSSBxZ^'^  ^S2>,S^ 

Zi02c>5774 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT . 


L1.5 


Q.v.  ^^^-5  C-(Typ. 

_ DATE  T/?  Z. _ CHKD.  BY _ 


.  SHEET  NO.  0?  OF  U  JOB  NO. 


c  Z^Cic^c. 

oJalcs  ~  7  ^  ^  '1 

/S^ZS.  S2. 

ZZoo/e.  -  IS&Z5.&Z. 


COAl^'^  (fi^ ^k>f. ^AOj  I ^  AMic-s^ 


l9<^.33  X/Z^Z  ~  AotOt^e-  I Zy7oZ^ A 

e>r.  c>i,x  z,  ~  zoiT.^4  ^5t; o>x.i-l--  . on 

iz^'k  ^  \ie^.6^ 

^ossr.G, 


33  .  c.  4  ^  ^"3.^6 


'  ;6^)7a6»3 
^  AS_o^^J3— 

]^(^Z3>,S^ 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


^  _7_  OF  iL  JOB  NO  T^llt 

BY_LLi _ njTF  y/zshz^ 


■  CHKD.  BY. 


.  DATE . 


1^01  L.t>l  U  Cs^ 


->3. 


L^L.  !>  (Pa^p,  3a~^.  IO'U7^jj) 


lO  ^  'z^ 
S3x  'o>.  Z. 


i^c.z,S 

SCX^.Co 


P'(F(S  -  I  Sn^ay^  ^OODf^-AMC: 

!  rz  Sli')N(i>  L  ct)  /2€)aF, 

i^ALLS  -  ISSS.CS 

(^lM55  -  (>30.8Z 

P=»of= - .7<^ 

FL.oo<2.— 


F3(-A5S 

A^-5uf^e-  3  o7o  C^L  C 

z^^^.4x.3  ^So.S"^ 


>3  j4  X  40  3  3.  -  r)^ 


FLocZrC 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT. 


Q-f^S  rf^  (c 


np  ^3 


.  SHEET  NO.  _ OF  ■./  ^ . JOB  NO. 


'me 


.  DATE  7/2  j 


.CHKD.  BY. 


Be  nL,0/(oc. 


c.  1-3 


I  \b.tr(^ 


! '-/fS  “  !  Ml: 

>//5ccS  -^7S'f.6  6^53,  7  7 

C^L^^'S  ~  t77.SB 

, 2.4- 

fvoo/? Zj/Sc'/i 


ll  ll',Crb  >f  1^  x  ^  ~  ^3l(.G>Qj 

^5:32.  -K  2.  =  6s>7,  -=j  2- 

zo.i^  Z-  -  ^ 

-2'r,3.'2>;->^'2.x  3  -  3  ^7  .  <3  g 


^  /44.  X  2Z.  - 

^ l-f^  X  2_  =  IZ.e>^ 


iSso/= 


oo  ^ 


/y^.  (i.6-  X  T  (  2^.  S3x^0 


'AM<-3r.  As  ^^^^£>=>X=- 


5c>PU.0Ar  7^ 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


rCSIMONSl 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  -  \  ^  ^  ^  o  ^  ^  ^  ^ 


^ ^yP  fjQ  I  0  OF  I  3  JOB  NO.  ^ 

DATE.  Wzs  hz- _  _ CHKD.  BY _ DATE _ 


1  L.D  I  Ki  ^  1  O  S 


.  "  )  ST2^y, '^^'cAi:T^l  6-^/1  ccSj 

fi-i/iLT  ^  '^<5Le- 

UPai-<-  ^  ^4oZ3.^^  ~^3.S  --  3Q>'^ 

(^LA55'  r 

/4.f2:<3A  -  33 

fioofc^  A(2^a-  30.  3  3 


4Lt-5  Cfke>K  fZetcz^y^ss g-p  ^2  (^L.A^:fy  {'f^Po^SMjTT'J'^-' 


>14  ^  12-  “ 

4o  -«^  r2_  >^2.'=- 
(1/0- - 
'  53  y<  2  - 


4  0 

iLcxg:*!?^ 

402,3.^4 


/^>r443 


^  I&  ^  01^-^ 


2,<Px30 


■X  4-  “  'Z4-‘^ 

^3,  <7 


(( )  4  X  4o])f^1 , 3  ^  IX  ??) 
4-  ^1633 


.00^ 


4  '74*3  I^JO  P 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  fj  ^  ^  LQv V\ 
RY  _ 


SHEET  NO. 


OF  i  3  JOB  NO.  ^ 

_ _  DATE _ 


^OIUDlKlCS,  3‘^  I  I  I 


lo.o 


ZS.4- 


(7f6  "  )  'S'TCiP.Y,  tAA50WP-7^^‘^<-^A£-L.S^ 

4  5  P1474  cT  s  M/ H(5  (_e  R=.o(= 
Uau^%~ 

00  A  2-23  G» 


UPA^'^5  {fevo  p/to^,  l^' 

i^OX  »2.y2^(3l7  4 x,(zx2^  - 

2^1CoC>  +  ^  2^7  ^ 


2^7.3:^ 


2^4-X36» 

1^4 


X 


2^.0  0 

3CP1.33 


A  o  X  2  ^ .  <ilr  ^  ^ 


InlooP- 

SAm  CL  /4' 


SUBJECT. 

BY _  UUS>  DATE  7/ 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


T  P  y  p  SHEET  NO.  OF  JOB  NO.Z^jLi;^_ 

/.?.^/ ^  _ CHKD.  BY _ DATE _ 


36^ICD!N(S  5iZ.I 


^5■,35 


(  S'JZ>(^y,  (^NC.  ^ 

As  FHt^tS' H  /  ^  OF 

a  \OS.^2.'- 35^.35-  Z74t5.S‘\ 

35"^', 33 

K-OoF^  Ac^  F:^- 


Pca.N 


Cc)Aul5  P^o^.  C^p^(z'  (^cAS5  (  I  Vi y  j 


cS.(O0(lz.A  z  “ 

’z-'T  -V  izxz.  - 
2r-  3^x  I2j<  L  - 


5^?Cp 


--  537 ?3 


•5  Sr.  3  2> 


cSox  ^S~3  3 

4-  -f  I5S7-^4 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286.  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  *  L  0 1  S  f  S>  d?  ^  y  P'  ^  S 

/  /  C  /  //->  ^ 

RY  _ 


.DATE 


-7(21  /9^ 


-CHKD.  BY. 


.  SHEET  NO.  J3  ..  OF  l3  JOB  NO. 

_ DATE _ 


l^uiCDitsici  ^r02_0  I 


cSC'.o 


4o,o 


?C 


Asi-4 


TvAi  ~  1  Srcxe-v  ,  f^AS0Mfiy(SuiC4:,O/^tAS, 

AsP^  ur 

-  'Z&&0  -  4o-=>.r  -2^?(^.r 

-  2>  Z.00 

fp-cx:/? 'b'2.f£xx> 


Sir.  • 

C^L-AS  5  (  1'PA  '35L//2vdV^ 

”  ^G<=> 

y  i&  '  57‘tr 

T-SSo 

2.4X^C.  .  ,  _ 

,V^  ^  T  - - 25- 

Ao3,5 


50X4-0  -  32^00 


fz<^C7^ 

A>-<  S  l^^oF- 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ^  ^ 

RY  HATF 


CHKD.  BY. 


.SHEET  NO.  _/ _ OF.  JOB  NO.  7'^6'9  3 

_ DATE  7-^7-  T'i- 


^  P^?/i 


/?€c.  fiicr 


7-9^ 

7-9^ 

<1^0 

w-?o 

l/-9^ 

Af/ 

7-v 

7-f/ 


7.3  /C?2 

7S^O/3'i~ 
3  1  ^,£6  / 

3Bs^ 

773^  a <70 
3  97^  /sro 
733^^9$ 
73  7^  9^9 
7isr77  6. 


7'  9/ 
8-9/ 
f'f/ 
/<?-f/ 
//-  f  / 

/'fZ 

2-?X- 

7-r2_ 

^-f2_ 

r-97- 


/g^~  '77  8 
ZOg^  7  /3 
7  7^  /;?7 

g/'r^ss" 


4/7  979'-  ' 

^/  8^  S 
3^  /  r><5 

/z  7  ^  ^ 

Z/3/36B 

i$3,  943 

7  7S~; 

4 


/3,S7 

. 

4/^  9/4 

/3.  6') 

/  ^/  j  / 

/3./^ 

tO/7  C. 

Jj*;?  7// 

/4.?7 

lOi  4i 

^.r<? 

/4.  B7L 

.Of  f/ 

757/7 

/  P/39 

,e>//9 

/8,  7/ 

,0/lo> 

i>/ 

.  Oil  O 

7e>o  c47 
/ 

/  4-  ^ 

«  0/1  /" 

/S,44 

.0/3  iO 

/  67  2  Z_ 

,  O//-*} 

/f,  7*2- 

.  0/19 

/4  4^ 

,0/19 

78S^(// i" 

/4^9' 

,0/79 

433^  /S'y 

/4,03 

,P/21~  /9  7r,,  r.^^7,^;/„,;.'t 

^  ' 

/b.74 

,^/2.Z- 

'  /bb^  /yz' 

/4  88 

68^4/ g 

/  J  99 

.0/'i4 

3^687 

/  4.3  0 

9/7. 

f4.  89 

,P/2'4 

14/1^3/ 8 

f  4. 8 / 

CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT 
BY 


.  DATE . 


.  CHKD.  BY . 


.  SHEET  NO.  ^  OF  ^  .  JOB  NO.  7^^ ^  ^ 
_ DATE  X 


cXvl  /f  ^  ^  /9'9  / 


/,  f.rm  L/iz  ^ A‘ 


^  si f 


Z/P^  6Pc^ 

S48^ 

T/? 


^  ^767 


07/ 


Ju/y  /ii/  i  /f^ 


/  Fr  ^'^  L/r-<  ^ 

7.  Pf>A 

5  Fro-^c.  S’?^^9'l)  tf.  P/Z  6 


~  7iOSoo 

*  S7S'^6  9-L. 

t  </  fo  7 

> _ 


SUBJECT. 
BY _ : 


iT*  A ^ 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


_  _ SHEET  NO.  T  OF  ^  JOB  ^ 

_ CHKD.  BY _ _ DATE 


"T/f  e  F 

Fm  C/2/^f 

7-  89 

Z  4Z^  //s 

0’$0 

34}^04  7 

77^  f0(. 

/G-8B 

4i  4  27  2 

ior^  c>?o 

//- 

4 1  Z  /<!^  0  ^ 

T-ZJ  J /C. 

/^'00 

•/'27  't^4  ^ 

4Z7  OJl- 
/ 

/-09 

4Z7  7004f 

3  74  793 

Z-09 

100^970^ 

3V0717 

2-09 

477  7 r/ 

7^04  / 

/ 

4-09 

37  0  974 

0/400> 

/ 

^■r09 

3^4^  t^i^4 

0^09 

1-41  4  i  ^ 

^  ^  ^ /"  l/  /''^m  <  /■ 


^  ^ S9z^  ^o<9  ,^jT- 


7-<P5 


^■S9 

f  /? 

// /9 
rtif^ 

J-?C7 

4-y^ 


27  7^  7/ 

^  /  77  ^ 

/ 

J/J  -7^2- 
Y/  7^^  ? 

47Z.  1^4 

370 

V/7/7/^ 

3?z^(>43 

7^4  914 

799  /^/_  , 

^  jf  9  p/r 

/  / 


473'r4 
1417  7'}- 
Z39  5'5'7 
’  10^^400 

'2t  ^ 

7.  ?2, 


i  S'V7  79  o 
✓  2  ^ 


/i  /  X  /^ 


-'>^071^^740 


CALCULATION  SHEET 

SIMONS'EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT 
BY 


.  SHEET  NO.  OF 


.  DATE . 


.CHKD.  BY. 


^  .lORMO 
_ DATE  *7-7/- 


/  c'A/  ^  T 

/ /OOo 
/f  f/  '  /9^-U 


/W 

^  8  7  iC>  o 

79^ 


u  ^  r- ! 


—  ^  ^  ^  '2-  ^  3  ^  ^ 


*t  /“ 


ct  /  cy  7'^  ^ -e /'m /'  /  n  "C-  V  /  ^  '6- y 

t90j-/?9c?  4^3^  •r 

S^734^p‘’Z 

/f  f  /  -  //7^  //  5~/  ^  . 


"T^  W  /  J  7  T-  57  63^^39^  3  'L/g>C^  ^  7  ^ 

//"'''  ^^/3C^0^J  f^^'i/^33S  C^^4^^43/ 


C 

-y^ 

f  <^ffY  ^ 

-  — ■ — ^  ^ 

■  . . 

SUMMARY  OF  PROPANE  SYSTEM  ALTERNATIVE  CAPACITIES 
FORT  GORDON,  GEORGIA 


September  1992 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  ^  f?  /D  ^  SHEET  NO,  _/ _ OF  ^ _ JOB  NO. 

BY  ^  ^  ^ _ DATE  7'  3  /  _ CHKD.  BY _ DATE - 

3tDvZ  AG  ^  & QyU  \T e 


71 


~L)Etc^ to  D>^y' 
<=>^  CP'^  ^otL  huti  h/hc;Pu/^c^ 


3/^6/ s  : 


a)  icy  Fvj>eL  "TVverrvo^ /b^y 

Z.)  LP6t;  ^/,5i7  (^Tu/^a  l  dTo^iErxrj 

3’.)  I  THc?(2Tva  -  \OOjOOO  f^TU. 

V;)  ~rENp  ts  SOjOOO  &ALIoAJ  S:> 

S)  may,  C^pA(/4\/-  X3oj0do  '  2%,'^00 


CALCiylAT/o  Ai  : 

i")  7J0.  OF  lArJp^  3-0/2  /  f/a^  STO/? /9  (3iE: 

o  TWerr^  .  .  T~ft 

=  ^3^0^  ^  qi,5M7  rsrvi^  Z55co«^t«rc 

-  .sTgs 

2)  A/<p.  jAr^kS 

--  { .57g,? (  /  o  - 

^  S.76  P  6  TAt^Wy 

i)  ^  7>1^/<^r  fA^Y^AlC  t-Ty 

y  I  '3  A  y  A  ^  !  4.  c?  1 4  ^  ^  ' 

I*— — f  ~  /  - 

S,78 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  \0O%  O 

RY  date  ^  ^  CHKD.  BY  ^ 


OE  z 


.  SHEET  NO.  ^  ■  OF  JOB  NO. 


pun/Oo^c^  t ^ /het^cA  n  f 

po<rL  ^  t'0^T^'<"Ac  S 


S/^  :  j)  S>^C  -4^  7l>TfirL  <^«5 /^/rv^  <• /oc»  ^ 

^  'Faap‘>  ^  ^  A^jy4^A'2£'  =  £¥.9  % /hfhn<?  ^£.1% 

54  r  4  2^  7 

27i*/£cP  ^  /i<^o  /^Tu/sc£^ 

2)  X>eA75  /r,'^  oF  T/z^pAi^e plid  /r  . 

C  (pr 4  o')  ' 

l~j)  \  tWCt^vvN  =  \0  0^00  0  ^TUs 

5)  I  I'  Pfiopooe  ~  I^Tia 

(^  fri  c  lA.  I  AT  1 0  fO 

1)  TTVtH  ^  ^  PoFb  (peie  toAD  1  /yooJ’S ) 

/-/c'us/n/'^  P2S  STi/l/P 

^la  iL0ir4<^£  yo Z  Sjf H 

:i3o  MM  6ruH 

2)  \/Aponf2e/e  5>?/^ 

;?gg  V  2q  gl  ^  55)^do  T+^erm/OAV" 

\  00)000 ‘^yrKertvN 

>/  :23o  M(\A  t^TwV^  440  /  \ 

•  m.o  gr^/T7  iT.  ■-  ^  ^  ^ 

{JoLume.  OF  ^2^^\-c-eP 

230  mm  ^  ZSIZ  <^AL/Kf^ 

^  I ,  TM  T  FFU  fCF  L  ' 


rSIMONS), 


CALCULAI  lUlM  bMtt  I 


StMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT 


3 


~  Ft  OOP  SHEET  NO.  /  OF _ JOB  NO.!Z^^.?_^ 

_ date  ^ _ CHKD.  BY - - DATE - 


:::' . ;::: . . /t-  L  ^'TM 

i s  l0)000 


\B<ts>s  ()  F>rt^  G-s  r'o— "A-v^^A  -  /p;ooo 

^  USP^  21yOOO  t'Aff ^ /D>*^T 

s')  5TOi^i^&^  -iz  n.  f  Q  Pf^Y  ~S  (^  /3^£y>0  7f4^<<rsr>jQHtr 

^  7>rv  /a  -*  < . /  //  ?  6"«' <j  ^  . 

5^  /r?<* 

/  -<^/hLl^orJ  z~  ^ SV7  BT>-^ 

-  ,  7/6 . jHr/ZM . . 


B'Atce^  /^  /y  S  ' . . . 

/)  IZ/h^d Y? J  ?-(T  rt  ^ S 


%1  OOP  yT^/tr^  \o^oooj:mrc.  n  OOO  ^r/?Al 

-  day-  'V 

2) 


i) 


^’rc>/^/7y  C 


SS^OOO  x^e(2-Y>^S 


Wo  'T(\f^\^"> 


(^A  L 


TtVrote^S,  -  3'Sy^00TF'!’'(^<'^X  .'\i(o  THPf^  ^  L^SOO 
-  1.50  (f  £.  tA  W  V  ^ 


SUBJECT 


3 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


~  p  I  flOC  -  SHEET  NO _ OF _ JOB  NO. 9  Q> 

_ DATE  ^  ^ _ CHKD.  BY _ _ _ DATE - 


tP/?o  Se 


^Toin fi'C'jC  ^  A  J^/n <5<  w t"  a>/7/4/ 

a-/  djOOO 


B>^5)S  i  ])  F,n^  ro-s-Avw^'^A  -  ry^r?r^lo>^V 

^  MPYy  ^A^>^TH(.7  US(^6fc-  =  27,000  -VArv>~-/C>AT 

"B)  5>tc>(^^g6:  jB jq  s  /3y^^o  7 J Qyy r 

^  J/hri/^  ^oy^<^rf/y  2SjS'00 

/  ^/hLcorJ  j:  5"// 

-  ,7/6  THr/2/n 

^A^Ct  f/e>  -/-/e 

/)  ft  ^  S 

21wo_72^_  /B,eoo 


"z)  ^Tcp^yf'^c 


8j50o')  |;C> 


SO^QOO 


Mo  of 


(5A  L 


-  5PyOoO'7A<^'i^<^X  ."MU THpf^  ^  2.s;s^'o 

Ys-rfv^VsS 


2.  14- 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  /^lE- 0  ^  Q/\/  ^  ^  ^  S 

BY  ^ _ DATE  ^  ^ _ CHKD.  BY _ 


/  OF  ^ 


SHEET  NO.  <  OF  ^  JOB  NO, 


-Qa/t  P\ir2.vV^  Fe  DUC'I'l  OiN  S> 


1 0,000  /  F)  A 


■77^^  ^  ^/L  I'/^y  7  iJ V  /V(^ 

■/^ure 

T^d’  p>^rr/r7A'/f  7^- 


^^00  "Therms /D  A 7 

I  “fine  Nuer^AOE  -fFe  Xatsje.jj 
3uu\/  cf-  AnA^<?|u^x  <^/fo>  dh'^ s  u y~y ^ 

(3)  i'5^000  rM|r/?Vvi^ 

'TVao  I  b  “HnjL.  Au(firt)AO0  4Fic  t^'L-y 

1 

<:$/!  5  <>a7Sl^  A1  ^f^oniS  ^irl^ 

\LYNr^  vn  f. 

XiAY  u'^Aets  <^Nuyy 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  RO.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT- 


lb  Cos-r 

^ _ DATE  6  ^  *7  _ 0HKD.  BY - 


SHEET  NO _ L-  OF  _ JOB  NO/ 


L^mp  Tlop^ 


^  /^ue^  5  77^ 

B.  STo/7  /5 

/S 


%  Of  yaZT  ( p<?>f2  LCC> 

f  C o^T  ( per  LcCto) 


y.  /^/y  Co1>y  arv 

'9IjZ^'-/7  Brx'  /PALiorf 

^rrftjp  S/h/^f^fS  (Btu/H^  CAlc^uIo  lo  6rvj 

/^r^er  o>  /  r>  y  s-y 

/^rfrrf  / -  Srf  /^Ccy/fAfCAtl  (^'57'S  p  (' BSt) 

/^rif/nyy  -  r/r-^f'.  6i^iAr^ 

yr'rrr  A  /  prr>^  far^orr)  -/  /UrrJ  f/rt^ 

(^o<^  fo/iom/y  P/fS^/7  oyo 

yocr  ^/lAV?A=’yp^ ^xid'O.  -Hu. 
p/\ST  q  K^CA.x<^^Cp^pr:BPArif^) 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


CALCULATION  SHEET 

SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  L.CC~  W) 

RY  _ 


}  c^4  }(i<^ ^ 


.  DATE . 


3hh 


.CHKD.  BY. 


.  SHEET  NO.  3  OF  ^  JOB  NO. 7/4?  /J 
_ DATE _ 


^  \J 


! 

VC 

>fr 


\ 

M 


-Ci 

Vi 

*V, 


§ 

(N 


O 

VT 

C>i 


G 

N 


5 

V 

k" 

vD- 

'Ll 


! 

■v 

M. 

vS- 


I 

\ 

k. 

vfl 

VJ 


V 

£ 

V) 


3- 

I  ■; 


5^ 


0 

o 

o 

rJ 


O 

O 

>v 

o 


Ci 

c 

o 

o 

OOO 

o 

o 

k/^ 

vr 

..  . 

cX) 

ko 

C2> 

X 

0 

:> 


> 

oi 

a 


£ 

lA 


vfr 

S 

'A 

vir 

•ii 


v1 

i- 

5' 

j 

o 


I 


oo 


Ul 

N 


<r 

CV) 


1C 

o 


Csj 

o 

Vi 


Vo 

Oo 


cr 

rO 


r- 

o 


rJ 

o 

sS 


o 


o 


o 

CS> 


V? 

o 

rNj^ 

v/i 


O 

o 

o 


Ia 

\a 


V) 

oo 

u 

CN) 


>v 

cT' 

OO 


^ 

f\ 

cv> 


r^i 

nO 


IX 


cJ 

o 


V} 


-J  - 

<£  <y\ 

t-  <b 

<S.  I 

^  e 


o 


<t 

O 

rv^ 

o' 

0 

0 


1' 

t 

3 


0 


<r 

«n) 

o 

o 

6^ 

II 

s 

N 

IL 


'JT 
ir 

Zr  ^ 


O 

a 

o 

i> 

i 

d. 


4: 

£ 


«Ni 

CiQ 

4J) 

<^ 

cn 

kA 

rvi 

0 

fG 

O 

o 

171 

Oo 

h 

s 

i3 

f 

0- 


fNJ 


z 

d 

0 


t 


0 

"I 

o 

z 

o 

o 


O 

ij 

c 

il 


0 

0 

0 

0 

}> 

V 

y 

V 

vO  ^ 

®  A 

<r 

c 

SArnm 

/G 

0 

<c 

0 

i-n 

0 

Jl  1' 

t) 

0 

I/) 

0 

0 

0 

0  ^ 

0 

0 

0 

0 

0 

0 

^-/l 

00 

0 

C>o 

\0  ^ 

It 

A 

k. 

✓ 

LL 


I' 

£ 

s_ 

IX 


c 

Ll 


i< 


IL» 


rCSIMONSl 


CALCULATION  SHEET 


SiMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT. 


,  JD  7"  ^  f ^  O  ^  S> 

^  DATF  2.  p. 


CHKD.  BY. 


.  SHEET  NO. . 


.OF.  ^  JOB  NO. 


C  t/ir\/F5^A  tbi>  ) 


l)  p  ^ e  St ^  y 

#  prZ<p  pc  e  5‘jST(?>^ 

y^rjjrs  ~  ^  37£iffO!) 

crr^C^  '2.li,ooo 


fni  Gs3,oe0  ^At)  7(o,S^^  Qj>^''kyi 


I,  l9%lo2 


H  fer  5  |^AfTCl2 

N^AT  PiiOecm? 


H/d&O 


'7~pmL 


Cc>r^7'>oyt'ry\f  7>i  *4  /bS,  IrSr 


1^B-(\  \C  -  JOjOOO  Tf^rrr^  I Oi^y'y' 

•  '^C  S  bTt*  ^ 

\}pr()o-^''¥r-r}fAy'r(er  IA-c  32^jOt>o 

TT^nHs,-  %  fZBjOoo 

OTHfJZ  ZG^,00£} 

I P  Of  F  'Z-iryc^o 


*  /VAT  ^ 


^  ^t,  ^ 


•»  Pip-<3>  L  f 


/9y 


/jtjJ^UC 


dcy^'T/'^Ti  /  3C^  7Y^ 

^  /5ys>7/& 


rCSIMONSl 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  L  c  C  I  O  T  ^  ^ 

»v  (S'"*  n.TP 


U  h 


.  SHEET  NO.  ^  OF  S  JOB  NO.  7/6^  ^3 


.CHKD.  BY. 


£l  ue ^  P) ryn 'p(<>^*^lbAt 

»  1^7cji9c.^r 

3'^^/0C>£> 

7>W'^  -  3  l^'^fjcoo 

'7lZt  ^o3 
f/cL  38)Z^o 


t  32,  c>SJ> 


yt/y^  r  2PiS 


y^TTT^ 

7~^  ^  ^ 


J% 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  t  C  t*  L  "T 

BY  _ date  c//  o/9  ^ _ CHKD.  BY . 


^OF_^ 


.  SHEET  NO.  yy  OF  _  Z?_  JOB  NO, 


b  "feASNS 


PiYn  'feji  ^Ac  Vior^  (^H(? 
CiA('r€NT  f-tCrr\('rHerr^/(ip,\fJ 


'A  ^£>‘==T  £>'C(:^arrei^-l- 


(^rreN-V  F^r'rv-^  -  \i>;5oo/bAy 

CobT  of  f-\-rw-\  -  "SSOnOOfl  /yR. 

2)  S>i^u''^v9S  ^'T~  f OfOoo~n^^ J Of^Y 


\'^306  -  VOiOOO 

I'^soo 


y  ‘'?>'bO)Ooo  = 


•ZIS^ISS 


3'i^H  Mh  }3tu/ yi2 

Y"  r  r  K1--I  "I.  >■  Nlfl)(Jj 


45f?y 


Y  kSOjOOO  ®:io"7jMo'7///2. 


SC>j'5D2  Af/y^ 6T11 /yjt 


^  h  Sapo'/A'^ 


£.  /9T  -  O 


\35oo  -  c? 

I3SU0 


y  -  ^Z0>00o  /^fZ 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT  i  L 

RY  S 


A  t  (f  M  f  f^'TfU 


^ _ CHKD.  BY . 


.  SHEET  NO. _ 1 _ OF  (P  JOB  NO 


Ftt  it'LT'Y  { bij£  To  l2thucBt)  Raiv^ 


-  ^orrero  Vr  {■rv-.  —  fsife-ui  r  vvs 

-  \"^‘5d6  -  lAizuj 

yyvA  o'f  (^T  \®' \\.VY\piNr-t  =  ^  T)flV^ 

P  ^vN^tTV  ^o  5T  ^  f-letZM. 


^  J^rsAL’fy  At  /v/2/^  -  /OjOOO  TT^/tdS  jDAy' 

O3^S00-iqCo^y-C2OAy)t^^Hfr^-  ^z^jOooJ^Z 

3^  J^enfAtT)/  /^T  9'^oo  y^rm)i3Ay 

f  ^po  '^)(i20AY)lK^'^hA^i^  ^  ^30^  006  /u^ 


A^rf/H^TYS  -s  T  I lZ>A\^  t i^V^er-JT 


A~ /Am=  /OjOoo 


5"  T. 
to  J>/?  Y 


SZfoOO  /c^/l 
/PS'^oao  /<y/2. 

l  S',ooo 

/So, 


s  OiTT 
lc>  OiftT 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SUBJECT. 


LC^iO 


,  DATE  *9  /  ]ol'^  ^ -  CHKD.  BY _ 


.  SHEET  NO. 


1.  OF 


.  JOB  NO. 


845/5 


3%  C^rr>pf?rS.ZtK  ^ 

/  y/-  ~r7?i^c  3"  i/fV  O/ yj ^  I  ^ 


')47^'roC>  L 


^1-?^  //yii  Xf  'T 

Jf  l  o  Xi  K>  I  ^  ^ 


yso^  oob 

J737<?6  o 
/o^  OO  C:> 

^5^.5;  006 

X  3% 


'^5;  ^5o/i/ye 


P(^A/f  J/ia  t/  5  .  f/x' nn  -  /o  OO  a 


l/AA/xFf/ y  /Ac. 

'/^  io/t'^  -Z 
JV^yrA'  c^i^LOXyP 


'?' 2^/0  O  o 

(?O,006 

/Oy  OOP 

^ 7^^  o o 
^14^  /P^  /i/£ 


i/>4A/ox>/y 

ZAy//<s~-^ 

V 


SZ'C/OOO 

f^pOOQ 


StOpo  o 
)r  3% 


LIFE  CYCLE  COST  ANALYSISB  SUMMARY  STUDY:  LPGl 

ENER6Y  CONSERVATION  INVESTMENT  PROGRAM  <ECIP)  LCCID  1.065 

^  INSTALLATION  &  LOCATION:  FORT  GORDON  REGION  NOS.  4  CENSUS;  3 
B  PROJECT  NO.  &  TITLE:  7469B  LPG  STUDY 

^  FISCAL  YEAR  1995  DISCRETE  PORTION  NAME:  FIRM=10000 ,5  DAY 

ANALYSIS  DATE:  09-02-92  ECONOMIC  LIFE  20  YEARS  PREPARED  BY:  GW  SMITH 

1.  INVESTMENT 

A.  CONSTRUCTION  COST  f  ( 

B.  SIOH  $  ( 

C.  DESIGN  COST  ( 

D.  SALVAGE  VALUE  COST 

E.  TOTAL  INVESTMENT  (  1 A  +  IB  +  1C  -  ID )  i 

No  investment  costs;  Items  3D1B  and  6  should  be  checked.  )K iK )|< >!! * 

2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &.  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 


ANNUAL 


DISSCOUNT  DISCOUNTED 


«/MBTU  ( 1  )  MBTU/ YR  (  2 )  SAV I NGS  ( 3 )  FACTOR  <:  4  )  SAV I NGS  ( 5 ) 


A.  ELECT  $ 

B.  DIST  $ 

C.  RESID  $ 

D.  NAT  G  $ 

E .  COAL  $ 


3941 1 


$  215184, 

$  0 , 


13.68 

14.64 

16.00 

17.25 

15.38 


37 1 1 925 


F.  TOTAL 


39411 


$  215184, 


NON  ENERGY  SAVIN6S<-i-)  /  COST(-) 


A.  ANNUAL  RECURRING  <+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1 ) 


12.90 


-52500 


^  -677250 


C,  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS  ( -i- ) /COST  (-)(  3A2+3Bd4 )  -677250. 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  257.  MAX  NON  ENERGY  CALC  ( 2F5  X  .33)  1 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) / IE ) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D IB  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


1224935, 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A-I- ( 3B1D/ ( YRS  ECONOMIC  LIFE))f  162684 


TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 


$  3034675 


6.  DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


(SIR)  =  (5  /  IE)' 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


SPB^lE/4 


00 
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INSTALLATION  &  LOCATION:  FORT  GORDON  REGION  NOS.  4  CENSUS:  3 
PROJECT  NO.  &  TITLE;  7469B  LPG  STUDY 

FISCAL  YEAR  1995  DISCRtETE  PORTION  NAME:  FIRM==10000, 10  DAY 

ANALYSIS  DATE;  09~02--92  ECONOMIC  LIFE  20  YEARS  PREPARED  BY:  G  W  SMITH 

1.  INVESTMENT 

A.  CONSTRUCTION  COST  il-'  < 

B.  SIOH.  *  '• 

C.  DESIGN  COST  $  ( 

D.  SALVAGE  VALUE  COST  ' 

E.  TOTAL  INVESTMENT  ( 1 A  +  IB  +  1C  -  ID )  ^  ( 

No  investment  costs;  Items  3D1B  and  6  should  be  checked.  ^c;<( 

2.  ENERGY  SAVINGS  (  +  )  /  COST  (.-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  &.  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 


ANNUAL  $ 


DISCOUNT  DISCOUNTED 


*/MBTU(l)  MBTU/YR(2)  SAVINGS(3)  FACT0R(4)  SAVINGS <5 ) 


A.  ELECT  $  .00 

B.  DIST  ^  .00 

C.  RES ID  ❖  .00 

D.  NAT  G  $  5.46 

E .  COAL  $  . 00 


39411 


13.68 
14.64 
1 6 . 00 
17.25 
15.38 
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F .  TOTAL 


39411 


$  215184, 


NON  ENERGY  SAVINGS(-i-)  /  COST(~-) 


A,  ANNUAL  RECURRING  <+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3A1) 


12.90 


- 1  tiSOOO 


'$  -1354500 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAV I N6S ( + ) /COST < - ) < 3A2+3Bd4 ) $  -1354500 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  257.  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D 1 ) / IE ) 

C  IF  3D1B  IS  =  >  1  GO  TO  ITEM  4 

D  IF  3D IB  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


$  122493^ 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3-I-3A+ ( 3B1D/ ( YRS  ECONOMIC  LIFE))$  1101S4 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5-I-3C)  S  2357425 


6.  DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


(SIR)  =  (5  /  1E)= 


7,  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


SPB-'=lE./4 


00 


LIF-E  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  LPBl 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.065 

INSTALLATION  &  LOCATION:  FORT  GORDON  REGION  NOS,  4  CENSUS:  3 
PROJECT  NO.  &  TITLE;  7469B  LPG  STUDY 

FISCAL  YEAR  1995  DISCRETE  PORTION  NAME:  FIRM=8500,5  DAY- 

ANALYSIS  DATE;  09-02-92  ECONOMIC  LIFE  20  YEARS  PREPARED  BY:  G  W  SMITH 


1.  INVESTMENT 

A,  CONSTRUCTION  COST  * 

B,  SIOH 

C,  DESIGN  COST  $ 

D„  SALVAGE  VALUE  COST 

E.  TOTAL  INVESTMENT  (  lA  +  IB  -i-  1C  -  ID)  f- 

No  investment  costs.?  Items  3D1B  and  6  should  be  checked, 

2.  ENERGY  SAVINGS  ( -i- )  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,,  UNIT  COST  &.  DISCOUNTED  SAVINGS 


O. 
0 . 
0 . 

0 . 
0 . 


FUEL 


UNIT  COST 
*/MBTU( 1 ) 


SAVINGS 

MBTU/YR(2) 


ANNUAL  $ 
SAVINGS (3) 


DISCOUNT- 
FACTOR  <  4 ) 


DISCOUNTED 
SAVINGS (5) 


A. 

ELECT  ^ 

,  00 

0. 

0 . 

1 3 . 6ei 

0  n 

B- 

DIST  ^ 

-  00 

0. 

0 . 

14.64 

0  » 

C. 

RES  ID 

» 00 

0. 

% 

0 . 

1 6 . 00 

On 

D. 

NAT  G  ^ 

G « 46 

56302 . 

307409 . 

17.25 

5302804  n 

E« 

CGAL  ^ 

.00 

Ou 

On 

15.38 

0. 

F. 

TGTAL 

56302 . 

% 

307409  . 

$  5302804  n 

NGN 

ENERGY  : 

BAVINBS(+) 

/  CGST(-) 

ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 


12.90 


T 

$ 


C. 

D, 


TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS  (-i-) /COST  (-)( 3A2+3Bd4 )  f 

PROJECT  NON  ENERGY  QUALIFICATION  TEST 
(1)  257.  MAX  NON  ENERGY  CALC  <  2F5  X  .33)  f.  1749925. 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  =  ( 2F5+3D1 ) / IE )  _ 

C  IF  3D1B  IS  -  >  1  GO  TO  ITEM  4 

D  IF  3D IB  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


FIRST  YEAR  DOLLAR  SAVINGS  2F3+3A+ ( 3B1D/ ( YRS  ECONOMIC  LIFE))$ 

5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5-I-3C)  $ 

6.  DISCOUNTED  SAVINGS  RATIO  (SIR)  =  (5  /  1E)= 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


-75000 , 
-967500 . 
”967500 . 


4, 


232409 . 
4335304 . 


SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


SPB=lE/4 


,  00 


LIF-'E  CYCLE  COST  ANALYSIS  SUMMAFiY  STUDY:  LPGl 

ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP)  LCCID  1.065 

^  INSTALLATION  &  LOCATION;  FORT  GOF^DON  REGION  NOS.  4  CENSUS:  3 
B  PROJECT  NO.  .?<  TITLE;  7469B  LPG  STUDY 

^  FISCAL  YEAR  1995  DISCRETE  PORTION  NAME:  FIRM=8500,10  DAY 

ANALYSIS  DATE:  09-02-92  ECONOMIC  LIFE  20  YEARS  PREPARED  BY;  G  W  SMITH 

1.  INVESTMENT 

A.  CONSTRUCTION  COST  ^  < 

B.  SI OH  *  t 

C.  DESIGN  COST  $  < 

D.  SALVAGE  VALUE  COST  ( 

E.  TOTAL  INVESTMENT  (  lA  -i-  IB  +  1C  -  ID)  sj  ( 

No  investment  costs;  Items  3D1B  and  6  should  be  checked.  *  *  ij: 

2.  ENERGY  SAVINGS  (-i-)  /  COST  (-) 

ANALYSIS  DATE  ANNUAL  SAVINGS,  UNIT  COST  ?<  DISCOUNTED  SAVINGS 


UNIT  COST  SAVINGS 


FUEL 


ANNUAL  $ 


D I BCOUNT  D I SCOUNTED 


$/MBTU(l)  MBTU/YR(2)  SAVINGS (3)  FACTOR (4)  SAVINGS (5) 


A.  ELECT  $  .00 

B.  DIST  $  .00 

C.  RES ID  $  .00 

D.  NAT  G  $  5.46 

E .  COAL  *  . 00 


56301 


307409 


13.6EI 
14.64 
1 6 . 00 
17.25 
15.38 


5302804 


F ,  TOTAL 


56302 


$  307409 , 


5302804 


NON  ENERGY  SAVINGS(-i-)  /  COST(-) 


A,  ANNUAL  RECURRING  (+/-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1) 


12.90 


•  1 50000 


^  -1935000 


C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVI N6S < + ) /COST ( - ) ( 3A2+3Bd4 ) $  -1935000 


D.  PROJECT  NON  ENERGY  QUALIFICATION  TEST 

(1)  25’/.  MAX  NON  ENERGY  CALC  (2F5  X  .33)  $  1 

A  IF  3D1  IS  =  OR  >  3C  GO  TO  ITEM  4 

B  IF  3D1  IS  <  3C  CALC  SIR  ==  ( 2F5+3D1  )  /  IE ) 

C  IF  3D1B  IS  =  >  1  60  TO  ITEM  4 

D  IF  3D1B  IS  <  1  PROJECT  DOES  NOT  QUALIFY 


$  1749925, 


4.  FIRST  YEAR  DOLLAR  SAVINGS  2F3-I-3A+ ( 3B1D/ ( YRS  ECONOMIC  LIFE))i& 


157409 


5.  TOTAL  NET  DISCOUNTED  SAVINGS  (2F5+3C) 


iii  3367804 


6.  DISCOUNTED  SAVINGS  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


(SIR)  =  <5  /  lE)^ 


/|!  )|(  ^  )}( 


7.  SIMPLE  PAYBACK  PERIOD  (ESTIMATED) 


SPB=lE/4 


SUBJECT 


CALCULATION  SHEET 


SIMONS-EASTERN  CONSULTANTS,  INC.  P.O.  BOX  1286,  ATLANTA,  GEORGIA,  U.S.A.  30301,  404-370-3200 


SHEET  NO. 


I  I  OF  ^  JOB 


.CHKD.  BY. 


/^  /  i  e  /■ '  My' 


A^S/S 


~n46iC  y-£,2,l  Or^sMy 

z)  /^'3, /-3  \/c-L 

3^  u  "I f  o  ^  I r*  ^  E~  S/'  ^ 

..  Z-  =  yo  ap  ^or>rt^\t^(‘r 

~  ^  K  F  ^  k>f  F,LLe\') 

/  -  /"/  L  t  Pe  >^s »'//' 

-  5pp(.Gf‘^'^  ^P'G^s 

E  r  Fcj/^  ft  •/  c  4  M  ^ 
\JoL  (£  -i^^p 

^  'TV  /np  -  ^F  —  ^A5  p\j/cc,  ^w.pFy^f> 


F  Fi  i  1^7  y  ■' 

Q  CfVtr*  t^Afy  Ti  Lu  % 

\l-t  ~ 50 ( I  •  ^ 32'^~~  “  *8^&  Css 


E'FlC  prLiO  lof  ^  1 1  ^  7Z  }c 


So.  OOP  6/H  X 


ZF)  %o  o  yfFtpESiS- 


APPENDIX  E  58-77 


E-4.1.2  The  maximum  volume  “V,”  (in  percent  of  con¬ 
tainer  capacity)  of  an  LP-Gas  at  temperature  “t,”  having 
a  specific  gravity  “G”  and  a  filling  density  of  “L,”  is  com¬ 
puted  by  use  of  the  formula: 

Vt  =  ^  -T-  F,  or  Vt  =  Q-^-p  where: 

V,  =  percent  of  container  capacity  which  may  be  filled 
with  liquid 
L  =  filling  density 

G  =  specific  gravity  of  particular  LP-Gas 
F  =  correction  factor  to  correct  volume  at  temperature 
“t”  to  60°F. 

EXAMPLE  1:  The  maximum  liquid  content,  in  per¬ 
cent  of  container  capacity,  for  an  aboveground  500  gal 
water  capacity  container  of  an  LP-Gas  having  a  specific 
gravity  of  0.550  and  at  a  liquid  temperature  of  45 °F  is 
computed  as  follows: 

From  Table  4-5.2. 1,  L  =  0.47,  and  from  Table 
E-3.1.3,  °F  =  1,019. 

“  o.55o°^i:otf  “ 

EXAMPLE  2:  The  maximum  liquid  content,  in  per¬ 
cent  of  container  capacity,  for  an  aboveground  30,000 
gal  water  capacity  container  of  LP-Gas  having  a  specific 
gravity  of  0.508  and  at  a  liquid  temperature  of  80 ®F  is 
computed  as  follows: 


(a)  the  specific  gravity  of  the  LP-Gas  to  be  contained. 

(b)  the  method  of  installation,  aboveground  or  under¬ 
ground,  and  if  aboveground,  then: 

(1)  for  containers  of  1,200  gal  water  capacity  or  less. 

(2)  for  containers  of  more  than  1,200  gal  water  capac- 
ity. 

G  =  the  specific  gravity  of  the  LP-Gas  to  be  contained. 

F  =  the  correction  factor.  Obtained  from  Table 
E-3.1.3,  using  G  and  40 ®F  for  aboveground  containers  or 
50 °F  for  underground  containers. 

EXAMPLE:  The  maximum  volume  of  LP-Gas  with  a 
specific  gravity  of  0.550  which  may  be  in  a  1,000  gal 
water  capacity  aboveground  container  which  is  filled  by 
use  of  a  fixed  maximum  liquid  level  gauge  is  computed  as 
follows: 

t  is  40  °F  for  an  aboveground  container. 

L  for  0.550  specific  gravity,  and  an  aboveground  con¬ 
tainer  of  less  than  1,200  gal  water  capacity,  from  Table 
4-5.2. 1,  is  47  percent. 

G  is  0,550. 

F  for  0,550  specific  gravity  at  40 °F  from  Table  E-3.1.3 
is  1.025. 

Thus,  V«  =  0.550  1.025  “ 

E-4.2.3  Percentage  values,  such  as  in  the  example  in 
E-4.2.2,  are  rounded  off  to  the  next  lower  full  percentage 
point,  or  to  83  percent  in  this  example. 


From  Table  4-5.2. 1,  L  =  0.45,  and  from  Table 
E-3.1.3.  °F  =  0.967. 

=  0.508°'><^.967  “  ‘’’■27.300  gallons. 


E«>4.2  Alternate  Method  of  Filling  Containers. 

E-4.2.1  Containers  equipped  only  with  fixed  maximum 
level  gauges  or  only  with  variable  liquid  level  gauges, 
when  temperature  determinations  are  not  practical,  may 
be  filled  with  either  gauge  provided  the  fixed  maximum 
liquid  level  gauge  is  installed,  or  the  variable  gauge  is  set, 
to  indicate  the  volume  equal  to  the  maximum  permitted 
filling  density  as  provided  in  4- 5. 3. 3(a).  This  level  is  com¬ 
puted  on  the  basis  that  the  liquid  temperature  will  be 
40 °F  for  aboveground  containers,  or  50 ®F  for  under¬ 
ground  containers. 

E-4.2.2  The  percentage  of  container  capacity  which 
may  be  filled  with  liquid  is  computed  by  use  of  the  for¬ 
mula  shown  in  E-4,1.2,  substituting  the  appropriate 
values  as  follows: 


Vt 


L 

gxf’ 


where: 


t  =  the  liquid  temperature.  Assumed  to  be  40  °F  for 
aboveground  containers  or  50 ®F  for  underground  con- 


E-4.3  Location  of  Fixed  Maximum  Liquid  Level 
Gauges  in  Containers. 

E-4.3.1  Due  to  the  diversity  of  fixed  liquid  gauges,  and 
the  many  sizes  (from  DOT  cylinders  to  120,000  gal  ASME 
vessels)  and  types  (vertical,  horizontal,  cylindrical  and 
spherical)  of  containers  in  which  gauges  are  installed,  it  is 
not  possible  to  tabulate  the  liquid  levels  such  gauges 
should  indicate  for  the  maximum  permitted  filling  den¬ 
sities  [see  Table  4-5.2. 1  and  4-5. 3. 3(a)]. 

E-4.3.2  The  percentage  of  container  capacity  which 
these  gauges  should  indicate  is  computed  by  use  of  the 
formula  in  E-4.1.2.  The  liquid  level  this  gauge  should  in¬ 
dicate  is  obtained  by  applying  this  percentage  to  the 
water  capacity  of  the  container  in  gal  (water  at  60  ®F), 
then  using  the  strapping  table  for  the  container  (obtained 
from  its  manufacturer)  to  determine  the  liquid  level  for 
this  gallonage.  If  such  a  table  is  not  available,  this  liquid 
level  is  computed  from  the  internal  dimensions  of  the 
container,  using  data  from  engineering  handbooks. 

E-4.3.3  The  formula  of  E- 4. 1 .2  is  used  to  determine  the 
maximum  LP-Gas  liquid  content  of  a  container  to  com¬ 
ply  with  Table  4-5.2. 1  and  4- 5. 3. 3(a),  as  follows: 

Volumetric  percentage,  or  Vt  —  ^  ^  p  i  and 

Volume  in  Gallons  *  Vt  X  Container  Gallons  Water  Capacity,  or 


L  =  the  loading  density  obtained  from  Table  4-5.2. 1 


Vol.  in  Gal.  at  t  — 

L  (Table  4-5.2. 1)  x  Container  Gallons  Water  Capacity 
G  (Spec.  Grav.)  x  F  (For  G  and  at  temperature  t) 
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Tabic  4-5.2. 1 

Maximum  Permitted  Fillinij  Density 


Aboveground  Containers 


.S|>ccific 

0  to  1200  US  Gal 

Over  1200  US  Gal 

Underground 

Gravity 

(1000  Imp.  ^al. 

(1000  Imp.  f^al, 

Containers 

at  H0°F 

4.5  m^) 

4.5  m*) 

all 

(ir>.(i°C) 

Total  Water  Cap. 

Total  Water  Cap, 

Capacities 

.  lW-.,5()3 
.r>04-.r>io 

41% 

42 

45% 

-16 

.all -.519 

43 

46 

47 

.ri2o-.r>27 

44 

47 

48 

..■)2S-.r).36 

45 

48 

49 

.5:^7-. 544 

46 

49 

50 

.51 5 -.552 

47 

50 

51 

.553-. 550 

48 

51 

52 

.551  .568 

49 

52 

5:i 

.  5(i!l  ■  .576 

50 

5;i 

54 

.577-. 584 

51 

5-1 

55 

.585  .592 

52 

55 

56 

.59:^.600 

5:^ 

56 

57 

permitted  filling  density  and  the  temperature  of  the  liq¬ 
uid  [see  Tables  4-3. 2. 3(a),  (h)  and  (c)\, 

(b)  The  maximum  volume  “V,”  (in  percent  of  con¬ 
tainer  capacity)  of  an  LP-Gas  at  temperature  “t,”  having 
a  specific  gravity  “G”  and  a  filling  density  of  “L,  ”  shall  be 
computed  by  use  of  the  formula  {see  Appendix  E-4.L2 
for  example): 

Vt  =  ^  F,  or  Vt  =  where: 


V,  =  percent  of  container  capacity  which  may  be  filled 
with  liquid. 

L  =  filling  density. 

G  =  specific  gravity  of  particular  LP-Gas. 

F  =  correction  factor  to  correct  volume  at  temperature 
“t”  to  60°F  (15.6°C). 

4-5.3  Compliance  with  Maximum  Permitted  Filling 
Density  Provisions. 

4-5.3. 1  The  maximum  permitted  filling  density  for  any 
container,  where  practical,  may  be  determined  by 
weight. 
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4-5. 3. 2  The  volumetric  method  may  be  used  for  tru 
following  containers  if  designed  and  equipped  for  filling 
by  volume: 

(a)  DOT  specification  cylinders  of  less  than  200  lb  (91 
kg)  water  capacity  which  are  not  subject  to  DOT  Jurisdic¬ 
tion  (such  as.  but  not  limited  to.  motor  fuel  containers  on 
vehicles  not  in  interstate  commerce  or  cylinders  filled  at 
the  installation). 

(b)  DOT  specification  cylinders  of  200  lb  (91  kg)  water 
capacity  or  more.  {See  DOT  regulations  requiring  spot 
weight  checks. ) 

(c)  Cargo  tanks  or  portable  tank  containers  complying 
with  DOT  Specifications  MC-330,  MC-331  or  DOT  51. 

(d)  ASME  and  API-ASME  containers  complying  with 
2-2. 1.3  or  2-2. 2. 2. 

4-5. 3. 3  When  the  volumetric  method  is  used,  it  shall  be 
in  accordance  with  4-5. 3. 3(a)  through  (c). 

(a)  If  a  maximum  fixed  liquid  level  gauge,  or  a 
variable  liquid  level  gauge  without  liquid  volume  temper¬ 
ature  correction  is  used,  the  liquid  level  indicated  by 
these  gauges  must  be  computed  on  the  basis  of  the  max¬ 
imum  permitted  filling  density  when  the  liquid  is  at  40 °F 
(4.4 °C)  for  aboveground  containers  or  at  50°F  (10°C)  for 
underground  containers. 

(b)  When  a  variable  liquid  level  gauge  is  used  and  the 
liquid  volume  is  corrected  for  temperature,  the  max¬ 
imum  permitted  liquid  level  shall  be  in  accordance  with 
Tables  4-5. 2. 3(a).  (b)  and  (c). 

(c)  In  the  case  of  containers  fabricated  after  December 
31,  1965,  with  a  water  capacity  of  2,000  gal  (7.6  m^)  or 
less  and  which  are  filled  at  consumer  sites,  gauging  shall 
comply  with  the  following: 

(1)  The  variable  gauge  shall  have  been  checked  for 
accuracy  by  comparison  with  the  liquid  level  indicated  by 
the  fixed  maximum  liquid  level  gauge. 

(2)  If  the  container  is  to  be  filled  beyond  the  level  in¬ 
dicated  by  the  fixed  maximum  liquid  level  gauge,  the 
reading  of  the  variable  gauge,  adjusted  for  the  error  in¬ 
dicated  by  the  check  with  the  fixed  maximum  liquid  level 
gauge,  shall  be  corrected  for  the  LP-Gas  liquid  tempera¬ 
ture. 

4-5. 3, 4  When  containers  are  to  be  filled  volumetrically 
by  a  variable  liquid  level  gauge  in  accordance  with 
4-5. 3. 3(b),  provisions  shall  be  made  for  determining  the 
liquid  temperature  {see  E-3,1.2). 
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Table  E-5.1.S 


Liquid  Volume  Correction  Factors 


SPECIFIC  GRAVITIES  AT  60°F./60°F. 


SPECIFIC  UKAVI 1  A  1  Du  r.r 

ou  r. 

Observad 

Temperature 

P 

0.500 

ropane 

3.5079 

0.510 

3520 

0530 

3.540 

D550 

B 

9.560  0 

ISO' 

utane 

,5631 

).570 

0.580 

n- 

}utane 

35844 

3590 

Fahrenheit 

V( 

3LUME  CORRl 

ECTION  FACT 

ORS 

so . 

-45 . 

_40  . 

1.160 

1.153 

1.147 

1.155 

1.148 

1.142 

1.153 

1.146 

1.140 

1.146 

1.140 

1.134 

1.140 

1.134 

1.128 

1.133 

1.128 

1.122 

1.127 

1.122 

1.117 

1.122 

1.117 

1.111 

1.120 

1.115 

1.110 

1.116 

1.111 

1.106 

1.111 

1.106 

1.101 

1.108 

1.103 

1.099 

1.106 

1.101 

1.097 

-35 . 

-30 . 

25 . 

20 . 

1.140 

1.134 

1.127 

1.120 

1.135 

1.129 

1.122 

1.115 

1.134 

1.128 

1.121 

1.114 

1.128 

1.122 

1.115 

1.109 

1.122 

1.116 

1.110 

1.104 

1.116 

1.111 

1.105 

1.099 

1.112 

1.106 

1.100 

1.095 

1.106 

1.101 

1.095 

1.090 

1.105 

1.100 

1.094 

1.089 

1.101 

1.096 

1.091 

1.086 

1.096 

1.092 

1.087 

1.082 

1.094 

1.090 

1.085 

1.080 

1.092 

1.088 

1.083 

1.079 

15 . 

-10 . 

5 . 

0 

1.112 

1.105 

1.098 

1.092 

1.109 

1.102 

1.094 

1.088 

1.107 

1.100 

1.094 

1.088 

1.102 

1.095 

1.089 

1.084 

1.097 

1.091 

1.085 

1.080 

1.093 

1.087 

1.081 

1.076 

1.089 

1.083 

1.077 

1.073 

1.084 

1.079 

1.074 

1.069 

1.083 

1.078 

1.073 

1.068 

1.080 

1.075 

1.070 

1.066 

1.077 

1.072 

1.067 

1.063 

1 .075 
1.071 
1.066 
1.062 

1 .074 

1.069 

1.065 

1.061 

2 . 

4 . 

6 . 

8 . 

1.089 

1.086 

1.084 

1.081 

1.086 

1.083 

1.080 

1.078 

1.085 

1  082 
1.080 
1.077 

1.081 

1.079 

1.076 

1.074 

1.077 

1.075 

1.072 

1.070 

1.074 

1.071 

1.069 

1.066 

1.070 

1.068 

1.065 

1.063 

1.067 

1.065 

1.062 

1.060 

1.066 

1.064 

1.061 

1.059 

1.064 

1.062 

1.059 

1.057 

1.061 

1.059 

1.057 

1.055 

1.060 

1.058 

1.055 

1.053 

1.059 

1.057 

1.054 

1.052 

10 . 

12 . 

14 . 

16 . 

1.078 

1.075 

1.072 

1.070 

1.075 

1.072 

1.070 

1.067 

1.074 

1.071 

1.069 

1.066 

1.071 

1.068 

1.066 

1.063 

1.067 

1.064 

1.062 

1.060 

1.064 

1.061 

1.059 

1.056 

1.061 

1.059 

1,056 

1.054 

1.058 

1.056 

1.053 

1.051 

1.057 

1.055 

1.053 

1.050 

1.055 

1.053 

1.051 

1.048 

1 .053 
1.051 
1.049 
1.046 

1 .051 
1.049 
1.047 
1.045 

1 .050 
1.048 
1.046 
1.044 

18^ . 

20 . 

22 . 

74 

1.067 

1.064 

1.061 

1,058 

1.065 

1.062 

1.059 

1.056 

1.064 

1.061 

1.058 

1.055 

1.061 

1.058 

1.055 

1.052 

1.057 

1.054 

1.052 

1.049 

1.054 

1.051 

1.049 

1.046 

1.051 

1.049 

1.046 

1.044 

1.049 

1.046 

1.044 

1.042 

1.048 

1.046 

1.044 

1.042 

1.046 

1.044 

1.042 

1.040 

1.044 

1.042 

1.040 

1.038 

1.043 

1.041 

1.039 

1.037 

1.042 

1.040 

1.038 

1.036 

26 . 

28 . 

30 . 

32  . 

1.055 

1.052 

1.049 

1.046 

1.053 

1.050 

1.047 

1.044 

1.052 

1.049 

1.046 

1.043 

1.049 

1.047 

1.044 

1.041 

1.047 

1.044 

1.041 

1.038 

1.044 

1.041 

1.039 

1.036 

1.042 

1.039 

1.037 

1.035 

1.039 

1.037 

1.035 

1.033 

1.039 

1.037 

1.035 

1.033 

1.037 

1.035 

1.033 

1.031 

1.036 

1.034 

1.032 

1.030 

1.036 

1.034 

1.032 

1.030 

1 .034 
1.032 
1.030 
1.028 

34 . 

36 . 

38. . 

(TH^ . 

1.043 

1.039 

1.036 

1.033 

1.041 

1.038 

1.035 

ri.632> 

1.040 

1.037 

1.034 

1.031 

1.038 

1.035 

1.032 

1.029 

1.036 

1.033 

1.031 

1.028 

1.034 

1.031 

1.029 

1.026 

1.032 

1.030 

1.027 

1.025 

1.031 

1.028 

1.026 

1.024 

1.030 

1.028 

1.025 

1.023 

1.029 

1.027 

1.025 

1.023 

1.028 

1.025 

1.023 

1.021 

1.028 

1.025 

1.023 

1.021 

1 .026 
1.024 
1.022 
1.020 

42 . 

44 . 

46 . 

48 . 

1.030 

1.027 

1 .023 
1.020 

1.026 

1,022 

1.019 

1.028 

1.025 

1.022 

1.019 

1.027 

1.023 

1.021 

1.018 

1.025 

1.022 

1.020 

1.017 

1.024 

1.021 

1.018 

1.016 

1.023 

1.020 

1.018 

1.015 

1.022 

1.019 

1.017 

1.014 

1.021 

1.019 

1.016 

1.014 

1.021 

1.018 

1.016 

1.013 

1.019 

1.017 

1.015 

1.013 

1.019 

1.017 

1.015 

1.013 

1.018 

1.016 

1.014 

1.012 

50 . 

52 . 

54 . 

56 . 

1.017 

1.014 

1.010 

1.007 

1.016 

1.013 

1.010 

1.007 

1.016 

1.012 

1.009 

1.006 

1.015 

1.012 

1.009 

1.006 

1.014 

1.011 

1.008 

1.005 

1.013 

1.010 

1.008 

1.005 

1.013 

1.010 

1.007 

1.005 

1.012 
1.009 
1.007  1 
1.005 

1.012 

1.009 

1.007 

1.005 

1.011 

1.009 

1.007 

1.005 

1.011 

1.009 

1.006 

1.004 

1.01 1 
1.009 
1.006 
1.004 

1.010 

1.008 

1.006 

1.004 

58 . 

60 . 

62 . 

64 . 

1.003 

1.000 

0.997 

0.993 

1.003 

1.000 

0.997 

0.993 

1.003 

1.000 

0.997 

0.994 

1 .003 
1.000 
0.997 
0,994 

1-003 

1.000 

0.997 

0.994 

1.003 

1.000 

0.997 

0.994 

1.002 

1.000 

0.997 

0.995 

1.002 

1.000 

0.998 

0.995 

1.002 

1.000 

0.998 

0.995 

1.002 

1.000 

0.998 

0.995 

1.002 

1.000 

0.998 

0.996 

1.002 

1.000 

0.998 

0.996 

1.002 

1.000 

0.998 

0.996 

66 . 

68 . 

70 . 

72 . 

0.990 

0.986 

0.983 

0.979 

0.990 

0,986 

0.983 

0.980 

0.990 

0.987 

0.984 

0.981 

0.990 

0.987 

0.984 

0.981 

0.991 

0.988 

0.985 

0.982 

0.992 

0.989 

0.986 

0.983 

0.992 

0.990 

0.987 

0.984 

0.993 

0.990 

0.988 

0.985 

0593 

0.990 

0588 

0.986 

0.993 

0.990 

0588 

0.986 

0.993 

0.991 

0.989 

0.987 

0.993 

0.991 

0.989 

0.987 

0.993 

0.991 

0.989 

0.987 

74 . 

76 . 

78 . 

80 . 

0.976 

0.972 

0.969 

0.965 

0.976 

0.973 

0.970 

0.967 

0.977 

0.974 

0.970 

0.967 

0.978 

0.975 

0.972 

0.969 

0.980 

0.977 

0.974 

0.971 

0S80 

0.978 

0.975 

0.972 

0.982 

0.979 

0.977 

0.974 

0.983 

0.980 

0.978 

0.975 

0.983 

0.981 

0.978 

0.976 

0.984 

0.981 

0.979 

0.977 

0.985 

0.982 

0.980 

0.978 

0.985 

0.982 

0.980 

0.978 

0.985 

0.983 

0.981 

0.979 

82 . 

84 . 

86 . 

88 . 

0.961 

0.957 

0.954 

0.950 

0.963 

0.959 

0.956 

0.952 

0.963 

0.960 

0.956 

0.953 

0.966 

0.962 

0.959 

0.955 

0.968 

0.965 

0.961 

0.958 

0.969 

0.966 

0564 

0.961 

0571 

0.968 

0.966 

0563 

0.972 

0570 

0.967 

0.965 

0.973 

0.971 

0.968 

0.966 

0.974 

0.972 

0.969 

0.967 

0.976 

0.974 

0.971 

0.969 

0.976 

0.974 

0.971 

0.969 

0.977 

0.975 

0.972 

0570 

90 . 

92 . 

94 . 

0.946 

0.942 

0.938 

0.949 

0.945 

0.941 

0.949 

0.946 

0.942 

0.952 

0.949 

0.946 

0.955 

0.952 

0.949 

0558 

0.955 

0.952 

0.960 

0.957 

0.954 

0.962 

0.959 

0.957 

0563 

0.960 

0.958 

0.964 

0.962 

0.959 

0.967 

0.964 

0.962 

0.967 

0.965 

0.962 

0.968 

0566 

0.964 

96 . 

98 . 

100 . 

0.935 

0.931 

0.927 

0.938 

0.934 

0.930 

0.939 

0.935 

0.932 

0.942 

0.939 

0.936 

0.946 

0,943 

0.940 

0.949 

0.946 

0.943 

0.952 

0.949 

0.946 

0.954 

0.952 

0.949 

0.955 

0.953 

0.950 

0.957 

0554 

0.952 

0559 

0.957 

0.954 

0.960 

0.957 

0.955 

0.961 

0.959 

0557 

105 . 

110 . 

115 . 

120 . 

0.917 

0.907 

0.897 

0.887 

0.920 

0.911 

0.902 

0.892 

0.923 

0.913 

0.904 

0.894 

0.927 

0.918 

0.909 

0.900 

0.931 

0.923 

0.915 

0.907 

0.935 

0.927 

0.920 

0.912 

0.939 

0.932 

0.925 

0518 

0.943 
0.936 
0.930 
:  0.923 

0543 

0.937 

0.930 

0,924 

0.946 

0.939 

0.933 

0527 

0.949 

0.943 

0.937 

0.931 

0.949 

0.944 

0.938 

0.932 

0.951 

0.946 

0.940 

0534 

125 . 

130 . 

135 . 

140 . 

0.876 

0.865 

0.854 

0.842 

0.881 

0.871 

0.861 

0.850 

0.884 

0.873 

0.863 

0.852 

0.890 

0.880 

0.871 

0.861 

0.898 

1  0.888 
0.879 
0.870 

0.903 

0.895 

0.887 

0.879 

0.909 

0501 

0594 

0.88e 

1  0.916 

0.908 

1  0.901 

;  0.893 

0516 

0.909 

0.902 

0.895 

0.92C 

0.913 

0.907 

0.90C 

t  0.925 

I  0.918 
’  0.912 

)  0.905 

0.927 

0.921 

0.914 

0.907 

0.928 

0.923 

0.916 

0.910 
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Pressure  Drop  in  Compressible  Flow  Lines 
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CRANE  APPENDIX  A -PHYSICAL  PROPERTIES  OF  FLUIDS  AND  FLOW  CHARACTERISTICS  OF  VALVES.  FITTINGS,  AND  PIPE _ 

s  ^  -e  ct  7  o  'Z  7^  ^ 

Viscosity  of  Gases  ond  Vapors 


The  curves  for  hydrocarbon  vapors  and 
natural  gases  in  the  chart  at  the  upper 
right  arc  taken  from  Maxwell*^;  the 
curves  for  all  other  gases  (except  helium  ') 
in  the  chart  are  based  upon  Sutherland  s 
formula,  as  follows: 


0,555  ^0  + 

,0.555  'T  +  C 


where: 


—  viscosity,  in  centipoise  at 
temperature  T. 

Axo  =  viscosity,  in  centipoise  at 
temperature  To. 

T  =  absolute  temperature,  in  de¬ 
grees  Rankine  (460  +  deg.  F) 
for  which  viscosity  is  desired. 

To  =  absolute  temperature,  in  de- 
;; ' '  grees  Rankine,  for  which  vis-  .  _ 
-  -  cosity  is  known.  .  - 

•  Sutherland’s  constant.' ^ 

Note:'  The  variation  of  viscosity  with  ‘ 
pressure  is  small  for  most  gases.  For 
gases  given  on  this  page,  the  correction**^ 
of  Viscosity  for  pressure  is  less  than  10 
per  cent  for  pressures  up  to  500  pounds 
per  square  inch. 


Fluid 

Approximate 
Values  of  “C" 

0, 

127 

Air 

120 

N, 

111 

CO: 

240 

CO 

118 

SO: 

416 

NHa 

370 

H, 

72 

Upper  chart  example:  The  viscosity 
of  sulphur  dioxide  gas  (SO2)  at  200  F 
is  0.016  centipoise. 

Lower  chart  example:  The  viscosity 
of  carbon  dioxide  gas  (CO2)  at  about  80 
F  is  o.oi  5  centipoise. 


Viscosity  of  Various  Gases 
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Weight  Density  and  Specific  Volume 
^  Of  Gases  and  Vapors 

The  chart  on  page  A-n  is  based  on  the  formula: 

144P'  MP'  z.yoP'S,  I  pf  /> 

^  ~  RT  ~  .o.7^  T~  T 

where:  P'  =  14.7  +  P  T  t' 

Problem:  What  is  the  density  of  dry  CH4  if  the  temperature  is  too  F  and  the 
gauge  pressure  is  1  5  pounds  per  square  inch? 

Solution:  Refer  to  the  table  on  page  A-8  for  molecular  weight,  specific  gravity; 
or  individual  gas  constant.  Connect  96.4  of  the  R  scale  with  100  on  the  temper¬ 
ature  scale,  t,  and  mark  the  intersection  with  the  index  scale.  Connect  this 
point  with  1 5  on  the  pressure  scale,  P.  Read  the  answer,  0.08  pounds  per  cubic 
foot,  on  the  weight  density  scale  p. 

_ _ Weight  Density  of  Air _ 

Weight  Density  of  Air,  in  Pounds  per  Cubic  Foot 
For  Gauge  Pressures  Indicated 

^8  _ _ _ (Based  on  on  atmospheric  pressure  of  14.696  and  a  molecular  weight  of  28.97) 


I  175  I  200  j  225 
I  psi  psi  I  psi 


300  j  400  500  I  600  |  700 

psi  I  psi  psi  I  psi  j  psi 


Air  Density  Table 

The  table  at  the  left  is  cal¬ 
culated  for  the  perfect  gas 
law  shown  at  the  top  of  the 
page.  Correction  for  super¬ 
compressibility,  the  devia¬ 
tion  from  the  perfect  gas 
law,  would  be  less  than 
three  percent  and  has  not 
been  applied. 

The  weight  density  of  gases 
other  than  air  can  be  deter¬ 
mined  from  this  table  by 
multiplying  the  density 
listed  for  air  by  the  specific 
gravity  of  the  gas  relative 
to  air,  as  listed  in  the  tables 
on  page  A-8. 
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PROJECT  Fort  Gordon 

LPG  System  Study 
Fort  Gordon,  Georgia 


LOCATION  OF  TRIP  Fort  Gordon,  Georgia 

PURPOSE  OF  TRIP  Investigate  Buildings  and  Pipeline  Routing 


ATTENDEES  Simons-Eastem 


Bill  Smith 
Allen  Naylor 
Bill  Ross 
Jim  Kistner 


PROJECT  NO. 

7469B 

FILE  NO. 

43 

DATE  OF  TRIP 

7/14-17/92 

DESCRIPTION 


ACTION  BY  REQUIRED  DATE 


1.  The  trip  started  with  an  in-brief  meeting  attended  by  Mr.  Ira 
Hefner  representing  the  Savannah  District,  Mr.  Curt  Oglesby 
and  Ms.  Harriet  Tanksley  representing  Ft.  Gordon  DIS. 

S-E  was  furnished  with  a  copy  of  the  current  DFSC  natural 
gas  contract  and  AR  415-15. 

Curt  Oglesby  furnished  a  data  gathering  spreadsheet 
identifying  the  buildings  DIS  personnel  would  investigate  as 
part  of  the  study. 

The  overall  plan  for  the  field  investigation  was  discussed  and 
arrangements  were  made  for  escorts  for  investigating  family 
housing  units  and  other  buildings  where  necessary. 

2.  Several  housing  units  in  McNair  Terrace,  Olive  Terrace  and 
Gordon  Terrace  were  investigated.  Data  gathered  included 
sizes  of  heating  imits,  hot  water  heaters,  and  ranges.  Notes 
were  made  on  building  construction,  types  and  number  of 
doors  and  windows. 


It  was  noted  and  confirmed  by  Ft.  Gordon  personnel  that  all 
housing  units  had  identical  equipment. 

3.  The  18  buildings  identified  for  S-E  to  investigate  were 
inspected  and  the  users  of  natural  gas  in  each  building  were 
identified,  and  the  size  and  fuel  requirements  recorded. 
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ITEM  DESCRIPTION 


4.  An  additional  14  bviildings  were  also  inspected  by  S-E 
personnel  to  relieve  DIS  of  the  additional  responsibility.  DIS 
personnel  investigated  12  buildings  and  furnished  the  natural 
gas  use  requirements  for  each. 

5.  Curt  Oglesby  furnished  a  listing  of  all  buildings  to  be 
included  in  the  study  that  included  a  cross  reference  to  the 
buildings  inspected  to  identify  similar  loads. 

6.  Real  Estate  records  were  obtained  for  all  buildings  inspected 
and  for  representative  housing  units.  This  provided  one  more 
source  of  data  to  verify  and  supplement  information  gathered 
dming  the  building  survey. 

7.  The  entire  6  mile  route  for  the  proposed  new  gas  pipeline  was 
inspected.  Conditions  affecting  the  construction  and  cost  of 
the  line  were  noted. 

A  revised  routing  along  9th  Street  was  selected  in  lieu  of  10th 
Street  to  avoid  congestion  and  added  cost. 

8.  A  meeting  was  held  with  Mr.  Carlton  Shuford  to  discuss 
expansion  plans  for  Fort  Gordon.  Details  are  contained  in 
separate  meeting  minutes. 

9.  A  meeting  was  held  with  representatives  of  Atlanta  Gas 
Light  Company  to  discuss  the  pipeline  relocation  and 
alternatives  for  the  new  service.  Details  are  contained  in 
separate  meeting  minutes. 

10.  The  EMCS  system  was  investigated.  The  system  was  made 
by  Dorsett  Electronic  Control  Systems  and  consisted  of: 

•  a  host  computer 

•  field  interface  devices 

•  multiplexing  units 

•  various  sensors 

The  multiplexing  imit  scans  all  the  field  sensors  and 
transmits  data  to  the  field  interface  device.  The  field 
interface  device  sends  the  results  back  to  the  host  computer 
in  the  control  room ,  Manual  optimization  setpoint  is 
accomphshed  in  the  host  computer  and  transmitted  to  the 
field  interface  devices.  If  closed  loop  control  is  desired,  it  is 
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ACTION  BY  REQUIRED  DATE 


done  in  the  field  interface  device.  The  present  system  is  a 
digital  transmitted  system,  but  has  the  capability  to  receive 
analog  signals.  The  present  system  has  adequate  room  for 
expansion. 


A 


M.  Kistner 
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PROJECT  NO. 

7469B 

LPG  System  Study 

Fort  Gordon,  Georgia 

FILE  NO. 

45 

DATE  OF  MEETING 

7/16/92 

LOCATION  OF  MEETING 


Directorate  of  Installation  Support,  Bldg.  2130 
Ft.  Gordon,  Georgia 


PURPOSE  OF  MEETING 


Review  Potential  Expansion  at  Fort  Gordon 


ATTENDEES  Mr.  Carlton  Shuford  -  DIG 
Mr.  Curt  Oglesby  -  DIS 


Bill  Smith  -  Simons-Eastern 
Jim  Kistner  -  Simons-Eastern 


ITEM  DESCRIPTION  ACTION  BY  REQUIRED  DATE 


1.  The  attached  Point  Paper,  dated  19  Jtme  1992,  was  presented 
by  Mr.  Shuford. 

2.  There  will  be  no  net  gain  in  building  square  footage  over  the 
next  10  years.  For  every  square  foot  of  new  building,  an 
equal  amount  of  old  WWII  buildings  must  be  demolished. 
Also,  there  is  a  quota  for  demo  of  WWII  buildings. 

3.  There  is  a  possibility  of  a  MI  Brigade  moving  to  Fort  Gordon. 
Approx.  800  additional  personnel  will  be  absorbed  into 
existing  housing. 

4.  There  is  an  outside  chance  that  additional  family  housing 
would  be  constructed  near  Gordon  Terrace.  This  is  not 
currently  needed. 

5.  Information  needed  for  the  1391  Processor  includes: 

•  Description  of  the  project,  include  components,  function, 
demolition 

•  Any  asbestos  in  demolition 

•  Current  situation,  requirements,  needs 

•  Impact,  if  not  provided 

•  Provide  each  block  of  text  in  WordPerfect  ASCII  file 
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SUBJECTS  Fort  Gordon  Military  Construction,  Army  (MCA)  Program 

ISSUE:  Provide  Update  on  Fort  Gordon's  MCA  Program 

BACKGROUND:  Fort  Gordon  has  had  an  active  MCA  Program  over  the 

years,  A  total  of  , 779 , 213  was  spent  on  major  projects 

between  FY  35  and  FY  90,  There  are  ^^40, 256, 290  in  projects 
programmed  -For  FY  91  through  F'Y  95, 

CURRENT  STATUS  (AS  OF  12  JUN  92):  LISTED  BELOW  ARE  THE 
DESCRIPTION  AND  STATUS  OF  PROJECTS  PROGRAMMED  FOR  FY  90  THROUGH 
FY  95, 

—  FY  90s 

—  SATCOM  II,  Current  Working  Estimates  $3,511,791, 
This  3S , 000  square  foot  project  constructs  the  second  of  two 
increments  of  a  Satellite  Comrnuni  cait  i  ons  Applied  Instruction 
CompleK,  STATUS:  Construct i on  is  underway.  Estimated  completion 
is  13  SEP  92, 


—  FY  91: 

—  Soldier  Service  Center,  Current  Working  Estimate: 
$7,250,000,  Construct  a  107,000-square  foot  Soldier  Service 
Center  to  centralize  all  i n-/ out-processi ng  activities.  This 
project  is  essential  to  provide  a  compact ,  modern,  and  efficient 
facility  for  the  nine  agencies  involved  with  i n / out-pr ocessi ng  of 
74,000  people  each  year.  Consol  i  dat  i  on  of  facilities  'will  improve 
operational  efficiency  and  morale,  increase  productivity,  and 
reduce  energy  consumption  and  maintenance  costs.  FleMibility  of 
the  new  facility  will  allow  for  mission  change  or  growth  in  an 
orderly  manner.  This  center  is  the  first  and  last  point  of 
contact  for  personnel  and  families  with  Fort  Gordon,  A 
functional,  modern  facility  manned  by  an  efficient  staff  creates 
positive  impressions  to  those  being  processed-  STATUS: 
Construction  began  15  NOV  91.  Occupancy  date  04  NOV  93. 

—  600-Man  U.S.  Army  Reserve  Center  (U.S.  Army- 
Reserve  Project).  Current  Working  Estimate:  $8,730,545.  This 

79,200-square  foot  project  will  provide  adequate  train! nq 
facilities  for  all  assigned  reserve  units,  allowing  them  to 
train  as  a^n  entity,  to  develop  teamwork  and  enhance  unit 
readiness-  The  new  facility  will  relieve  current  overcrowd  inn 
and  will  be  more  economical  to  maintain  than  the  current  facility 
located  in  Augusta,  STATUS:  Authorization  to  advertise  for  bids 
was  issued  14  MAY  92„ 


r ■  0. n i  i  1  y  F  ^  0. L.  ii  i  w  0  C 1  i  Pi  i.  c  ( H 0  0 1 1  h  o 0 p  v  i  i_  0 U oiri rn 0 *  i  u 
(HSC)  Project).  Current  Working  EBtim0te:  :t3,lSi  745.  This 
32,400  equere-foot  project  is  required  to  house  the  Department  of 
Family  Practice  (DFP)  and  the  Family  Practice  Clinic  (FPC) .  These 
functions  are  currently  housed  in  an  area  intended 
for  in-patient  care-  Personnel  migrating  to  Fort  Gordon 
under  the  Health  Services  Command's  (HSC)  Base  Fvealiqnment 
and  Closure  (BF;AC)  initiative  will  require  Eisenhower  Army 
Medical  Center  (EAMC)  to  open  two  additional  in-patient 
wards  to  support  the  resulting  increase  in  Graduate  Medical 
Education  Programs  and  the  support  tail.  STATUS:  Construction 
began  OS  OCT  91  and  occupancy  is  expected  23  FEB  93. 

—  FY  92.  E^^pand  Energy  Monitoring  and  Control  System 
(EMCS) .  Current  Working  Estimate:  ^1, 119,000.  This  project 
replaces  the  central  control  system,  upgrades  existing  Field 
Interface  Devices  (FIDs) ,  and  constructs  an  extension  of  the 
existing  EMCS  to  monitor  and  control  energy  consumption  for 
miscellaneous  buildings  and  structures.  This  project  is 
required  to  reach  Army  energy  goals  and  to  comply  with  the 
Federal  Energy  Management  Improvement  Act  of  19SS  and  the 
National  Energy  Policy  Act  to  reduce  energy  usage.  It  is 
submitted  as  part  of  the  Energy  Conservation  Investment  Program 
(ECIP) .  A  central  EMCS  is  an  effective  means  of  automatically 
reducing  energy  consumption  during  the  heating  and  cooling 
season,  STATUS:  Design  is  comp)lete  and  the  authority  to 

advertise  v^las  received  20  Feb  92.  Procurement  authority  for 
the  computerised  systems  has  been  received  and  bid 
advertisement  dates  are  expected  within  the  next  30  days- 


—  FY  93.  No  projects  are  scheduled  for  FY  93. 

Several  projects  have  been  identified  as  potential  projects  for 
expedited  execution  in  this  fiscal  year. 

Whole  Barracks  Renewal  (Phase  1) 

Table  oT  Urganization  and  Equipment  Motor  F'ool 
(Phases  I  and  II) 

—  FY  94.  Clinical  Investigation  Lab  (HSC  Project), 
Current  Working  Estimate:  :$4,500,000.  This  25,000-square  foot 
project  is  required  to  provide  adequate  f-acilities  to  accomplish 
the  stated  mission  of  the  Department  of  Clinical  Investigation. 
Biomedical  research  requires  that  laboratory  and  animal 
facilities  be  collocated  to  meet  the  mission  needs.  The  animal 
facility  areas  provide  for  breeding,  holding,  quarantine, 
exercise,  and  care  of  research  animals.  The  Clinical 
Investigation  Program  has  been  designated  an  essential  component 
of  medical  care  and  teaching  by  the  Department  of  Defense. 
STATUS:  The  35X  design  submittal  is  under  review.  Although 
officially  listed  as  an  FY  95  project,  the  current  project 
scheduleC  12  MAR  92)  calls  for  Construct i on  Contract  Award  in 
October,  1993,  indicating  possible  funding  with  FY  94  funds. 


—  FY  9= 


Consolidated  Field  Maintenance  Faciiity- 


ULirrent  Project  Estimate:  ^22, 000, 000.  This  project  will  provide 
184,000  s,t»  ot  modern  maintenance  facility  space  to  replace 
World  War  II  era  wood  facilitieSn  The  new  facility  will  provide  a 
central  facility  for  the  consol i dat i on  of  DS/GS  maintenance 
activities,  inclading  electronic  repairs,  vehicle  repair  and 
overhaul,  weapons  repair,  and  other  support  imai  ntenance.  Many  of 
these  functions  require  specialized  equipment  and  environmental 
conditions  which  cannot  reasonably  be  met  or  maintained  at  under 
the  current  facility  conditions.  STATUS:  Project  has  been 


axpproved  for  selection  of  an  Archi  tecturai Engineering  firm. 


— FY  V6  and  Beyond:  The  full  owing  is  a  list  of  our  lonq 
range  planning  requirements  reflecting  the  remaining  top  9  MCA 
priorities  and  the  current  active  program  for  Army  Family  Housing 
(AFH)  .  Projects  that  are  indicated  by  have  been  identified  as 
potential  projects  for  accel erat i on . 


jal<j 


- - ^  (1)  Renovate  Barracks  (Phase  1)-  One  of  tv*Jo  projects  to 

renovate  and  upgrade  barracks,  occupied  by  permanent  party, 

unacccrnpani  ed  enlisted  personnel  » 
t 

(2)  Table  of  Organization  and  Equipment  (TOE)  Motor 
Pool  Facility  (Phase  I  2).  Construct  permanent  facility  to 
meet  motor  pool  requirements  for  the  67th  Signal  Battalion  and 
the  63rd  Signal  Battalion.  This  project  will  replace  the  current 
TOE  motor  pool  compleK  on  Chamberlain  Avenue. 


*  (3)  Renovate  Barracks  (Phase  II).  Second  project  to 

renovate  and  upgrade  barracks  complex.  This  project  will 
complete  the  phased  renovation  of  25  year  old  barracks  occupied 
by  permanent  party  personnel. 


41 


(4)  Emergency  Services  Complex.  Construct  an  11,000 
s.f.  facility  to  centralize  the  Fire  Prevention  and  Protection 
D i V i s i on ,  Saf et y  Office,  an d  EMS  Ser vice-  This  c en t r a 1 i z a t i on 
will  provide  better  efficiency  in  the  utilization  of  emergency 
response  activities,  vehicles,  and  manpower.  ; 

^-^(5)  Dining  Facilities  Moder n i zat i on .  Renovate  three 
dining  facilities  in  the  Signal  School  billeting  area  along 
Chamberlain  Avenue.  This  proje^ct  will  upgrade  and  modernize  the 
existing  dining  and  food  preparation  areas  to  meet  current 
standards. 


(6)  Widen  Entrance  Roads  (Gates  1  and  5).  Widen 
Chamberlain  Avenue  at  Gate  1  and  Avenue  of  the  States  at  Gate 
to  four  lanes.  New  highway  constr uct i on  projects  for  roads 
outside  these  gates  require  Fort  Gordon  to  improve  the  safety 


c  i 


rculation  of  the 


uX 


st i ng  i nstal 1  at i on 


is  roaui 


and 


(7)  Modern i ZB/Consol i date  Ranges.  Consolidate  14 
existing  ranges  into  -Five-range  complex,  centered  on  the 
existing  Range  Control  Building,  Included  in  the  TRADOC  FY  95 
Program,  this  project  has  been  moved  back  to  a  later  program  year 
to  allow  further  development  of  documentat i on . 

(8)  Training  Aids  Facility.  Construct  a  78 , 000-squ.are 
foot  facility  to  combine  the  Training  Service  Center's  functions 
into  a  single,  efficient  production  facility.  It  will 
incorporate  the  device  production,  photo/graph i c  arts,  storage, 
supply,  and  adrni  ni  strat  i  on  areas, 

(9)  Physical  Fitness  Center.  Construct  a 

24 , 600-snuare  foot  facility  to  include  a  multipurpose  court, 
nautilus  room,  aerobi cs/exercise  room,  and  racquetball  courts. 

The  proposed  site  is  adjacent  to  the  indoor  swimming  pool  and 
outdoor  running  track,  creating  a  total  fitness  complex.  The 
facility  will  be  centrally  located  near  the  Signal  School's 
academic  area  and  will  serve  as  a  physical  training  center  for 
t  h  e  S:- 1  Li  dents. 


A 


ARMY  FAMILY  HOUSING  (AFH)  A  Whole  Neighborhood  Revi tal i z at i on .  A 
project  for  the  total  revi tal i zati on  of  neighborhood  areas,  this 
project  is  being  formulated  for  the  FY  96  Program  by  combining 
two  previously  programmed  projects  to  create  a  unified 


"nei qhborhood "  approc 
be  a  total  communitv 


str uctur al 


site  and 


>ch  to  housing  development.  The  result  will 
renewal  including  utility,  archi tectural , 
recreat i onal  el ements- 


RECOMMENDATIGNs  None 


Information , 


CARLTON  L.  SHUFORD ,  DSN  780-6534 
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PROJECT  Fort  Gordon 

LPG  System  Study 

Fort  Gordon,  Georgia 

PROJECT  NO.  7469B 

FILE  NO.  45 

DATE  OF  MEETING  7/16/92 

LOCATION  OF  MEETING 


Directorate  of  Installation  Support,  Bldg.  2130 
Fort  Gordon,  Georgia 


PURPOSE  OF  MEETING 


Discuss  New  Pipeline  Routing,  Review  Gas  Records 


ATTENDEES  Ga.  Natural  Gas 


(Div.  of  Atlanta  Gas  Light  Co.) 
Ian  Skelton 
Andy  Harrison 
Denny  Works 


Simons-Eastern 
Bill  Ross 
Jim  Kistner 

PIS 

Curt  Oglesby 


ITEM  DESCRIPTION 


ACTION  BY  REQUIRED  DATE 


1. 


2. 


Atlemta  Gas  Light  records  on  gas  consumption  for  the  period 
of  January,  1988  thru  June,  1992  were  furnished. 

Recent  times  of  gas  curtailment  to  Fort  Gordon  were 
furnished: 


12/16/89  -  8  a.m.  to  12/17/89  -  11  a.m. 

12/21/89  -  4  p.m.  to  12/26/89  -  8  p.m. 

01/16/92  -  3  p.m.  to  01/17/92  -  10  a.m. 

These  are  the  only  periods  of  curtailment  between  December, 
1989  and  present.  For  gas  use  purposes,  AGL  considers 
8  a.m.  to  8  a.m.  as  one  day.  During  the  period  of  12/21/89  to 
12/26/89,  there  were  4  fiill  days  of  curtailment  to  Fort 
Gordon.  These  records  provide  a  good  representation  of  what 
the  fort  can  reduce  gas  consumption  to  during  curtailment. 

3.  The  existing  pipeline,  when  installed,  was  coated  and 

wrapped  pipe.  The  line  is  cathodically  protected,  but  there  is 
no  rectifier  on  the  fort.  If  the  existing  line  is  isolated  from 
the  new  line,  a  rectifier  should  be  installed  on  the  existing 
pipe. 


The  existing  pipe  is  in  good  condition  and  does  not  have  a 
history  of  leaks  or  deterioration. 
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5. 


6. 


7. 


The  potential  routing  of  the  new  line  was  discussed.  The 
routing  is  generally  acceptable  but  AGL  insisted  that  they 
must  be  responsible  for  installation  if  they  are  to  be  the 
eventual  owner.  It  was  explained  that  this  may  not  be 
possible  due  to  government  procurement  regulations,  but  the 
line  could  be  specified  to  be  built  to  conform  to  AGL  specs. 

Atlanta  Gas  Light  would  be  agreeable  to  a  property  trade  of 
the  existing  line  for  the  new  line.  AGL  may  also  consider 
keeping  the  existing  Hne  as  well  and  maintaining  the 
distribution  system  for  Fort  Gordon. 

Denny  Works  offered  to  share  current  pipeline  construction 
cost  data  with  S-E.  We  will  contact  his  office  next  week  for 
information. 


8. 


9. 


10. 


Atlanta  Gas  Light  offered  that  it  would  be  more 
advantageous  to  them,  and  probably  to  Fort  Gordon  as  well, 
to  locate  the  new  gas  main  outside  the  fort,  to  the  east.  This 
would  give  them  an  opportunity  to  increase  their  customer 
base  in  the  area  of  the  National  Science  Center  and  other 
development  that  is  occurring  in  the  vicinity  of  Gate  1. 

Atlanta  Gas  Light  was  questioned  regarding  the  potential 
impact  the  reduction  in  firm  gas  might  have  on  the  operation 
of  their  system,  and  the  rates  to  their  customers.  They 
responded  that  their  operation  would  not  be  affected  and  that 
their  customer  base  was  large  enough  that  rates  would  not  be 
affected  by  the  firm  gas  reduction. 

AGL  also  stated  that  because  of  industry  deregulation,  they 
did  not  intend  to  keep  any  more  firm  gas  than  was  necessary. 
In  the  futiue,  all  space  in  the  pipeline  supplying  natural  gas 
to  AGL  will  be  available  on  a  "for  bid"  basis. 


MM_PRI.WPM 
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11. 


AGL  stated  that  the  existing  metering  station  near  Gate  3 
should  remain  as  the  delivery  meter  to  Fort  Gordon  after  the 
new  pipeline  is  installed.  These  are  the  newest  and  most 
accurate  meters.  It  also  would  be  costly  to  move  the  meters 
to  another  location,  not  only  because  of  construction  cost,  but 
also  because  of  telemetering  connections  to  the  telephone 
lines. 


JMK/kds 


cc: 


MM  PRI.WPM 


8/90 


RECORD  OF  DISCUSSION 

SIMONS-EASTERN  CONSULTANTS,  INC.  ONE  WEST  COURT  SQUARE,  DECATUR.  QA  30030  (404)  370-3200 


PROJECT  Fort  Gordon  LPG  System  Study 

Fort  Gordon,  Georgia 

PROJECT  NO.  7469B 

FILE  NO.  18 

DATE  OF  DISCUSSION  7/28/92 

TIME 

SUBJECT  Ft.  Gordon  Gas  Line  Relocation 

In  person  at _  By  phone  at 

By  long  distance  from  PecatuT,  Georgia _ 


to — Augusta,  Georgia _  between Jim  Kistner 


of  Simons-Eastem  Consultants,  Inc.  and  Carl  PearSOn _ 

of _ Georgia  Natural  Gas  Company _  Phone  Number  706-738-9860 _ 

1.  Carl  Pearson  is  an  engineer  that  works  with  Denny  Works, 

2.  Estimated  costs  that  Georgia  Natural  uses  for  budgeting  projects  are:  installed  costs  and 
material  for  8"  line  =  $21.29/l.f. 

3.  Carl  will  send  maps  that  show  location  of  8"  main  to  Fort  Gordon.  The  tap  station  off  the 
southern  natural  pipeline  is  3  miles  east  of  Ft.  Gordon  on  Tobacco  Road  near  Windsor  Road. 
Widening  of  Tobacco  Road  from  Windsor  Road  to  Gate  5  is  scheduled  to  begin  in  1994  which 
will  require  relocation  of  the  pipeline  along  Tobacco  Road.  This  may  be  an  appropriate  time 
to  make  adjustments  that  would  coordinate  with  the  pipeline  relocation  across  Ft.  Gordon. 

4.  An  alternate  way  to  service  Fort  Gordon  could  be  by  a  new  supply  line  to  Gate  3.  Georgia 
Natural  recently  installed  a  new  12"  gas  main  from  Wrens,  Georgia,  thru  Harlem,  north  of 
Grovetown,  across  1-20  to  Washington  Road  near  Evans  and  Martinez,  It  may  be  possible 
to  service  Grovetown  and  possibly  Fort  Gordon  from  this  line  rather  than  relocating  the 
new  line  through  or  around  the  Fort. 


Jim  Kistner 
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PROJECT  Fort  Gordon  LPG  System  Study 
Fort  Gordon,  Georgia 


SUBJECT  Ft.  Gordon  Gas  Line  Relocation 


In  person  at _ 

By  long  distance  from  Auglist Si , 

to _ Decatur,  Georgia 

of  Simons-Eastern  Consultants,  Inc.  a 


By  phone  at_ 


between  „  _JinLKistneiL 


Phone  ] 


Georgia  Natural/Atlanta  Gas  Light  could  furnish  and  install  the  necessary  control  fittings  and 
bypass  connections  required  to  make  the  tie-ins  to  the  existing  line  while  maintaining  service 
in  the  line.  The  estimated  cost  would  be  $30,000  for  each  tie-in.  This  price  does  not  include 
permanent  valves  or  other  fittings  required  on  the  new  line. 


JKdcds 
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Fort  Gordon,  Georgia 

PROJECT  NO.  7469B 

FILE  NO.  18 

DATE  OF  DISCUSSION  8/3/92 

TIME 

SUBJECT  Peak  Shaving  System 

In  person  at„ 


By  phone  at_ 


By  long  distance  from _ Decatur,  Georgia 


of  Simons-Eastern  Consultants,  Inc.  and  Danny  Tilson 

City  of  LaGrange _ 


between  JBilLSinithL _ 


of 


Phone  Number  706-883-2000 


System  for  peak  shaving  with  60%  natural  gas. 

Sized  at  120,000  cfli  at  25  psig. 

Propane  fired  water  bath  vaporizer 

Southern  National  Gas  system  has  20  psig  header 

17  -  30,000  gallon  tank. 

A  50/50  mix  of  propane  air  with  natural  gas  is  no  problem  except  for  yellow  flame. 

Has  deal  with  propane  supplier,  pays  for  only  driver  in  summer.  Suppher  tries  to  sell  as 
much  propane  as  possible  in  summer  to  have  access  to  winter  gas. 

Mixer  is  specific  gravity  controlled  to  1.12. 

Used  70%  propane  air  to  30%  natural  gas  in  December,  1989.  Most  complaints  due  to  space 
heaters  needing  readjustments. 

Takes  1  hour  for  cold  start-up  of  system. 

Propane  air  plants  are  safe! 


BS/kds 


HD.PRI.WPF 


8/90 


RECORD  OF  DISCUSSION 

SIMONS-EASTERN  CONSULTANTS,  INC.  ONE  WEST  COURT  SQUARE,  DECATUR,  QA  30030  (404)  370-3200 


PROJECT  Fort  Gordon  LPG  System  Study 

Fort  Gordon,  Georgia 

PROJECT  NO.  7469B 

FILE  NO.  18 

DATE  OF  DISCUSSION  7/31/92 

TIME 

SUBJECT  Ft.  Benning  Peak  Shaving  System 

In  person  at _  By  phone  at 

By  long  distance  from _ Decatur,  Georgia _ 


to  Ft.  Benning,  Georgia _  _ between_  Bill  Smith  _ 

of  Simons-Eastem  Consultants,  Inc.  and,  Glenn  Todd,  Utility  Sales  Officer _ 

of _ Ft.  Benning,  Georgia _  Phone  Number  706-545-1034 _ 

•  Peak  shaving  system  installed  in  1950. 

•  Propane/air  mix  is  60%/40%.  Spec,  gravity  meter  controls  mix  to  1025  BTU  per  cu.  ft. 

•  Mixes  with  natural  gas  at  25%  propane-air  with  75%  natural  gas. 

•  System  sized  to  meet  firm  gas  commitments  of  37,000  ccf/day  firm  (based  on  summer  load) 

•  Use  oil  back-up  for  large  boilers. 

•  Changeover  is  done  gradually  by  throttling  natural  gas  and  injecting  propane  air  mix  at  30 
psi. 

•  Vaporizer  is  steam  heated  by  package  steam  generator  at  15  psi.  Generator  is  natural  gas 
fired. 

•  Mixer  is  series  of  valves  with  compressed  air. 

•  Header  pressure  is  30  psig,  house  pressure  is  7"  w.c. 

•  System  start-up  takes  45  minutes  from  cold  start. 

•  SHght  compatibihty  problem  with  high  propane-air  mixture,  some  pilot  lights  blow  out. 

•  Ft.  Benning  has  reduced  firm  gas  commitment  by  in  15  years. 
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•  City  of  LaGrange  has  peak  shaving  system  that  has  been  used  for  100%  propane-air. 


Bill  Smith 


BS/kds 
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Appendix  J  -  Vendor  Supplied  Data 

U.  S.  Army  Engineer  District,  Savannah 
Ft.  Gordon  LPG  Study 
Final  Submittal 


Vendors 


No.  of  Sheets 


Energistics,  Inc. 

6 

Birmingham,  Alabama 

Alternate  Energy  Systems,  Inc. 

17 

Peachtree  City,  Georgia 

Plant  Systems,  Inc. 

16 

Cleveland,  Ohio 

Insertion  Mass  Flowmeter 

2 

J-  1 
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2921  -  2ND  AVE.  SO. 
BIRMINGHAM.  ALABAMA  35233 
PHONE  (205)  324-5785 


€N€RGISTICS,INC., 


August  6,  1992 


Simons  Eastern  Corporation 
1  West  Court  South 
Decatur,  GA  30030 

Attention:  Mr.  Bill  Smith 


Re:  Propane-Air  System  for  Army  Base,  Our  letter  dated  July  29,  1992. 


Dear  Bill: 


In  response  to  our  recent  telephone  conversation,  we  will  offer  these  different 
budget  prices  for  systems  at  a  different  pressure.  Our  letter  of  July  29,  1992, 
indicated  a  Propane-Air  System  with  six  (6)  30,000  gal.  storage  tanks  and  a 
vaporizer-mixer  air  compressor  system  that  would  make  150  PSIG. 

You  now  want  an  alternate  on  a  230,000,000  BTU/hr  system  at  75  PSIG  and  an 
84,000,000  BTU/hr  system  at  75  PSIG. 

As  indicated  in  our  telephone  conversation,  your  alternate  #1  for  230,000,000 
BTU/hr  at  75  PSIG  would  be  $825,000.00. 


If  you  go  with  alternate  #2  for  84,000,000  BTU/hr  at  75  PSIG  with  the  same  six 
(6)  30,000  gal  propane  storage  tanks,  the  price  would  be  $700,000.00 


Again,  for  each  additional  30,000  gal  tank  installed  please  jidd 
of  sixes. 


Very  truly  yours, 
Energistics,  Inc. 


$60,000.00  in  groups 
I/rPog/miV ei^/AC  ^3Z5;0<:)0 
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2921  ■  2ND  AVE.  SO. 
BIRMINGHAM,  ALABAMA  35233 
PHONE  (205)  324-5785 


July  29,1992 


Simmons  Eastern  Corporation 
1  West  Court  South 
Decatur,  GA  30030 


ATTN:  Mr.  Bill  Smith 


SUBJECT:  Propane  Air  System  For  Army  Base 


Dear  Bill: 


As  promised  during  our  recent  telephone  conversation  we  are  enclosing  some  rough 
specifications  and  drawings  on  a  propane  air  system  similar  to  the  one  we  discussed. 

You  had  also  asked  for  a  budget  figure  for  the  installation  of  a  system  that  would 
have  the  capability  of  producing  230  million  BTU/hr  of  propane  air  mix  at  a  pressure 
^f  150  PSIG.  You  also  asked  that  we  break  down  the  prices  of  the  system  installed 
by  tanks,  vaporizer  mixer,  compressor,  and  etc. 

We  would  recommend  the  vaporizer  mixer  to  have  the  maximum  capability  and  the 
storage  tanks  to  be  sized  to  provide  100  million  BTU/hr  for  five  (5)  or  six  (6)  days. 
At  this  rate  you  would  consume  26,373  gal/day.  Therefore,  we  are  recommending 
six  (6)  30,000  gallon  propane  storage  tanks. 


The  system  would  be  priced  install  as  follows: 


to?  t  T&N hri 


Six  (6)  propane  storage  tanks  with  the  appropriate  fittings,  trim,  piping, fencing, 

and  etc.  $375,000.00 


Vaporizer  mixer  and  appurtenances  with  controls  installed  $300,000.00 
Air  compressors  with  controls,  building  and  etc.  $275,000.00 
This  would  give  a  total  install  price  of  $950,000.00. 


f- 


For  each  additional  30,000  gallon  tank  installed,  please  add  $60,000.00. 

Bear  in  mind  that  once  very  specific  information  is  available,  these  prices  could  change. 

The  next  time  1  am  in  the  Atlanta  area,  1  will  call  and  maybe  we  can  get  together 
and  discuss  these  systems  in  more  detail. 


Very  truly  yours, 
Energistics,  Inc. 

Boyce  Guthrie,  P.E. 
BG/ts 


S/v/?2  DEi^ucT  ^5  pSI(^  S\/Srrt««^ 


LPG  SOURCE  AND  DEFINITION 


HYDROCARBONS  cover  a  large  class  of  chemical  compounds  containing  carbon 
(C)  and  hydrogen  (H)  atoms.  Hydrocarbons  can  be  further  broken  down  into 
subclassifications  such  as  alkanes.  Two  principal  alkanes  are  of  concern:  propane 
(C3H8)  and  butane  (C4H10).  Their  molecular  structures  appear  in  Figure  1. 
along  with  that  of  methane  (CH4).  Propane  and  butpne  constitute  the  two  most 
common  types  of  LPG.  In  nature  LPG  occurs  both  as  a  co-product  of  natural 
gas  and  as  a  by-product  of  petroleum  distillation,  or  fractionation  processes. 
Current  geological  and  geochemical  data  strongly  suggest  natural  gas  and 
petroleum  represent  products  of  low-temperature  anaerobic  decay  of  organic  mat¬ 
ter  The  mobility  of  oil  and  gas  from  place  of  origin,  however,  usually  masks  any 
fossil  or  structural  features  that  might  provide  definitive  genetic  evidence. 


GENERAL  INTRODUCTION 

Uqueiied  petroleum  gas,  like  water,  exists  in  various  phases  depending  on  environ¬ 
mental  conditions.  Possible  phases  include  liquid,  vapor,  and  infrequenMy,  solid. 
The  discussion  below  uses  water  as  an  analogy.  Two  primary  conditions,  or 
parameters,  determine  what  phase  water  exists  in;  pressure  and  temperature.  A 
graphic  depiction  of  water’s  stability  fields  appears  in  Figure  2.  Weoalthis^pe 
drawing  a  phase  diagram.  At  sea  level  atmospheric  pressure  is  14T  PSIA 

riKG/CM2].andwaterboilsatatemperatureof212  F  [100  C].  During  boiling,  Wo 
phases,  water  and  steam,  coexistuntilallthewaterisconverted  to  stearnmrough  the 
boiling  process.  This  is  a  constant  pressure,  or  feoParic  condrt/on.  If  we  aPPV 
additional  pressure,  for  example,  by  using  a  pressure  cooker,  we  elevate  the  boiling 
point.  At  20  PSIA  we  find  that  waterboilsatatemperatureof228  F[109  C).  People 

often  use  pressure  cookers  to  shorten  cooking  timeby  boilingfood  at  highertempera- 
tures  than  can  be  attained  under  atmospheric  conditions. 

The  above  example  is  relevant  when  attempting  to  understand  the  properties  of 
LPG.  in  the  labLtory,  scientists  subject  LPG  (and  other  substances)  W  vanous 

temperature  and  pressure  regiems  and  observe  the  resultant  phase(s).  They  then 

ploUhe  data  points  and  create  a  phase  diagram  illustrating  what  phases  exist  under 
whit  specifc  pressure  and  temperature  condkions.  Figure  3  is  the  ge^rated 
phase  diagram  for  propane,  it  appears  similar  to  the  one  for  water.  The  area 
.  occurring  within  the  dashed  boundary  is  of  special  concern  to  us  because  it  covers 
the  pressure  and  temperature  range  most  commonly  encountered  in  normal  LPG 
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A  VAPORIZER  WHAT  IS  IT? 


A  vaporizer  adds  sufficient  heat  to  liquid  LPG  to  induce  boiling  and  create  a  vapor 
phase.  Figure  9  displays  a  basic  vaporizer.  In  essence  it  is  a  "heat  exchanger.” 
Two  basic  types  of  vaporizer  exist:  indirect  fired  and  direct  fired.  (SeeRgurelO). 
Direct  fired  vaporizers  apply  heat  from  a  gas  burner  directly  to  a  pressure  vessel 
containing  liquid  LPG.  Direct  fired  vaporizers,  as  appear  in  Rgure  11,  represent 
dated  technology  and  violate  many  modern  safety  codes.  Use  of  this  type  vaporizer 
is  becoming  increasingly  rare.  SDI  does  not  manufacture  a  direct  fired  vaporizer. 
Indirect  fired  vaporizers  transfer  heat  to  the  liquid  LPG  indirectly  through  a  heat 
transfer  medium.  Common  heat  transfer  mediums  include  water,  steam,  or 
electricity.  SDI  manufactures  all  three  of  these  configurations.  A  conceptual  example 
of  this  type  vaporizer  appears  in  Figure  1 2. 

SIZING  A  VAPORIZER 

Selecting  the  correct  size  and  type  of  vaporizer  for  an  application  is  critical.  The  list 
below  contains  important  questions  related  to  sizing  a  vaporizer. 

QUESTION  1 

What  is  the  capacity  requirement  of  the  system? 

The  capacity  requirement  is  the  sum  total  of  all  the  houriy  heat  input  requirements 
of  all  the  connected  combustion  equipment.  Collect  the  heat  input  data  directly 
from  the  burner  dataplates!  If  the  dataplate  is  missing,  call  the  burner  manufacturer 
and  obtain  the  data.  Do  not  use  an  average  daily  value!  Provide  the  capacity 
requirement  in  BTU/HR,  KCAUHR,  GPH  or  KG/HR.  SDI  recommends  oversizing 
the  vaporizer  by  ten  to  fifteen’  percent  of  the  calculated  load. 

QUESTION  2 

What  type  of  LPG  is  to  be  vaporized:  propane,  butane  or  a  mixture  of 
propane  and  butane? 

Thermodynamic  characteristics  of  LPG  family  members  vary  significantly.  For 
example,  butane  requires  more  energy  to  vaporize  than  does  propane  due  to  Its 
higher  boiling  point  and  its  higher  latent  heat  of  vaporization.  To  better  understand 
this  fact,  refer  to  Appendix  4  and  5  and  compare  the  boiling  points  of  propane  and 
butane  at  100  PSIG  [7.0  KG/CM2].  Note  that  for  propane  the  boiling  point  is  65 
F[18.3  C]  while  for  butane  it  is  155  F  [68.5  C].  A  very  substantial  difference! 
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LPG/AIR  MIXING 


Why  Mix  LPG  With  Air? 

RsKonTind^de-'  using  undiluted  LPG. 


1 .  LPG/AIR  mixtures  possess  combustion  characteristics  similar 
to  natural  gas.  Burner,  regulator,  and  orifice  adjustments 
are  generally  unnecessary. 

2.  Dew  pdint  depression  in  LPG/Air  mixes  eliminate  reconden- 

sation  problems  commonly  associated  with  undiluted  LPG 
vapor. 


LPG/Air  mixing  systems  provide  a  consistent,  high  quality  combustible  fuel  with 
burning  characteristics  similar  to  natural  gas.  This  interchangeability  is  attractive 
from  a  fuel  marketing  standpoint.  LPG/Air  plants  allow  a  utility  to  "build  uo"  a 
customer  base  during  construction  of  a  natural  gas  transmission  line.  The  LPG/Air 
gas  allows  customers  to  install  and  use  equipment  designed  for  natural  gas.  before 

systems  also  allow  significant  savings  for 
pea/r/oad  situations.  For  example,  daily  or  hourly  demand  for  natural  gas  can  vary 
between  ten  percent  to  three  hundred  and  fifty  percent  of  the  yearly  average  Conse¬ 
quently.  eventhough  natural  gas  processing  plants  and  transmission  lines  are  sized 

®  small  percentage  ofthat  capacity  is  typically  used.  An 
LPG/Air  mixing  system  can  provide  for  peak  loads,  rather  than  require  installation 

Of  an  additional  expensive  natural  gas  storage  facility. 


inally.  and  most  importantly,  LPG/Air  systems  guarantee  uninterrupted  fuel  distribu¬ 
tion  in  emergency  situations.  It  Is  far  less  expensive  to  install  an  LPG/Air  mixing 
system  than  to  back  up  one  transmission  pipeline  with  a  second  pipe  linel  In  the 

5  ™  '^°'’ld,  emergency  or  standby  systems  are 

installed  by  individual  customers  as  well  as  utility  companies.  Standby  system  benefit 
IS  threefold: 


1 .  The  client  can  obtain  discounted  interruptible  rates  from  the  natural  gas  sup¬ 
pliers.  The  client  signs  a  contract  with  the  natural  gas  supplier  stating  they  can 
be  restricted  from  obtaining  natural  gas  during  periods  of  high  demand  The 
client’s  gas  requirement  during  this  period  is  met  by  the  standby  system. 

2.  The  client  assures  himself  of  an  uninterrupted  fuel  supply  even  durinq  an 
emergency. 
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The  client  can  burn  the  most  economical  fuel,  whether  it  is  natural  gas  or 
an  LPG/Air  mixture. 

4.  Oii  as  an  alternate  fuel  is  often  not  feasible  due  to  environmental  legislation, 
such  as  in  much  of  Southern  California  (USA).  Precautions  required  by  law  to 
to  safeguard  against  leaky  underground  oil  storage  tanks  also  makes  per¬ 
mitting  and  installation  both  difficult  and  expensive.  The  use  of  oil  will  also 
require  special  burners  and  significant  adjustments  to  switch  from  natural  gas 
to  oil. 

The  advantages  of  LPG/Air  as  a  standby  fuel  to  natural  gas  are  obvious.  Below 
we  examine  the  similarity  of  LPG/Air  burning  characteristics  to  those  of  natural  gas, 
and  the  hydrocarbon  dew  point  consequences  of  LPG/Air  mixtures. 

COMBUSTION  PARAMETERS 

Combustion  parameters  affecting  fuel  interchangeability  include: 

1:  Specific  Gravity 
2:  Calorific  Value 
3:  Wobbe  Index 
4:  Flame  propagation  and  color 

1.  SPECIFIC  GRAVlPf 

The  specific  gravity  of  a  gas  is  its  density  relative  to  air.  The  specific  gravity  of  air 
equals  1 .0;  natural  gas  is  typically  0.60.  Undiluted  propane  and  butane  vapor  have 
specific  gravities  of  1.5  and  2.0,  respectively.  Consequently  all  propane/air  or 
butane/air  mixtures  have  a  specific  gravity  greater  than  1.0.  Table  1  displays  the 
heat  value  in  BTU/FT3  [KCAL/NM3]  and  the  specific  gravity  of  various  propane/air 
mixtures. 
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ALTERNATE  ENERGY  SYSTEMS,  INC. 


P.O.  BOX  2469 


PEACHTREE  CITY,  GEORGIA  30269 


TELEPHONE  (404)  487-8596 
FAX  (404)  631-4306 


INTRODUCTION 

Aliernaic  Energ>’  Systems,  Inc,  a  corporation  devoted  to  the 
solution  of  energy-oriented  needs,  represents  the  culmina¬ 
tion  of  years  of  experience,  knowledge,  skill  and  proven 
results. 

We’re  a  company  operated  by  experts.  People  with  vast 
knowledge  of  the  industry.  People  who  arc  aware  of  energ>' 
problems  -  and  know  how  to  solve  them. 

Every  member  of  AES  has  been  closely  involved  with  the 
energy  needs  in  the  past  and  continue  to  offer  a  more  valid 
and  precise  solution  to  the  cnerg\  needs  of  the  present  and 
future. 

With  total  capability  to  handle  you  needs  from  start  to 
finish,  wc  are  continuously  aware  that  what  we’re  doing  is 
vital  to  the  continued  success  and  operation  of  those  who 
use  our  equipment.  For  every  dollar  invested  with  an 
Alternate  Energ\' System,  we  see  to  it  that  maximum  return 
is  realized  quickly  and  efficiently. 

WHA  T  IS  A  PROPANE  STANDBY  PLANT? 

A  “Standby  plant"  -  as  the  term  implies,  is  something  stand¬ 
ing  by  to  do  a  job.  A  propane  standby  plant,  offered  to 
industrial  and  utility  users  of  natural  gas,  is  a  system  that  is 
an  alternate  source  of  energj'  in  the  event  the  natural  gas 
source  is  curtailed  or  shuiofl. 

While  some  facilities  use  oil  as  a  standby  plant,  oil  is  not  a 
direct  replacement  for  natural  gas  and  will  not  burn  in 
natural  gas  burners  or  applications.  Thus,rOil  requires  a 
separate  set  of  burners,  controls  and  piping. 

Propane  or  LPG  is  an  ideal  standby  fuel  for  natural  gas 
bccau.se,  propane  when  mixed  with  air,  will  duplicate  the 
burning  characteristics  of  natural  gas  and  allows  the  user  to 
utilize  existing  natural  gas  burners,  piping  and  controls. 

A  propane  system  generally  ettnsists  of; 

-  PROPANE  STORAGE  TANK(s) 

-  A  VAPORIZER  to  convert  the  liquid  propane  to  a  gas 

-  A  MIXER  or  BLENDER  to  mix  the  vaporizxjd  propane 
with  air 


WHY  USE  A  STANDBY  SYSTEM? 

While  there  are  many  reasons  a  standby  sv-stem  is  used,  the 
principal  reason  is  insurance  against  interruption  of  normal 
natural  gas  supplies.  Another  incentive  is  that  many  utility 
firms  offer  what  is  known  as  an  “interruptable  rate"  indus¬ 
trial  customers. 

First  -  interruption  of  natural  gas?  Many  are  not  aware  that 
natural  gas  utilities  purchase  or  contract  from  a  pipeline,  a 
certain  amount  of  natural  gas  for  a  certain  period.This 
supplies  both  re.sidential  users  as  well  as  industrial  users. 
However,the  residential  useris  the  priority  user  and.  during 
an  unusually  long  winter  or  unexpected  cold  spells,  the 
residential  user  will  consume  more  natural  gas  than  antici¬ 
pated  -  leaving  less  for  the  industrial  user. 

For  the  industrial  user,  not  receiving  their  full  allotment  of 
natural  gas  can  cause  costly  damage  to  parts  and  equipment 
if  gas  flow  is  interrupted  at  a  citical  moment  or,  it  may  even 
cause  a  complete  plant  shutdown. 

Utility  firms,  aware  of  the  dilemma  of  industrial  users, 
encourge  the  installation  of  some  sort  of  standby  system  in 
the  event  natural  gas  is  interrupted.  As  an  incentive,  most 
utility  companies  offer  what  is  known  as  an  “interruptable” 
rate  to  those  with  standby  systems.  This  rate,  usually  sub¬ 
stantially  lower  than  the  “firm”  rate,  is  enjoyed  year  around 
by  the  industrial  user  for  the  possiblity  of  having  their 
natural  gas  supply  interrupted  or  even  shut  off.  Should  the 
utility  company  give  notice  ofan  interruption  (sometimes 
less  than  24  hours),  the  industrial  facility  continues  opera¬ 
tion  by  switching  to  their  standby  system. 

Since  the  "interruptable  rate"  is  enjoyed  everv  day  of  the 
year,  not  just  cold  months  when  gas  is  most  critical,  it ’s 
possible  for  an  industrv-  to  amortize  the  whole  cost  of  a 
standby  facility  in  less  than  two  years. 


WHAT  IS  A  PEAKLOAD  SHA  VING  PLANT? 

Peakload  Shaving  is  a  term  used  by  the  utility  companies.  As 
we  said  before,  the  utility  purchase  a  certain  amount  of  gas 
over  a  fixed  period  of  time.  The  best  laid  plans  cannot  take 
into  consideration  unexpected  cold  spells,  a  burst  line  or 

other  things  that  could  happen  todisrupttheplannedquota. 

If  the  utility  should  need  more  gas  than  it  has  contracted, 
they  pay  a  premium  price  ,  if  it  is  available.  So,  to  insure 


extra  cas  and  avoid  premium  price  for  gas  above  the 
coniracied  amount,  many  utility  companies  use  propane 
mixed  with  air  to  duplicate  the  BTU  content  of  natural  gas^ 

This  mixed  gas  is  then  used  to  supplement  the  utility  s  ga. 
supply,  allowing  a  more  consistent  fuel  rate  from  their 
supplier  and  help  meet  peak  demand  loads. 

WHO  USES  A  STANDBY  PLANT? 

Utilities  and  municipalities,  clay  product  manufacturers, 
class  makers,  bakeries,  metal  processtng  firm^extile  indu^- 
iries,  chemical  companies  or.  any  industrial  firm  that  uses 
natural  gas  in  any  of  it’s  processes. 

WHAT  IS  LP-GAS? 

LP-Gas  or  LPG  is  the  abbreviation  for  liquefied  pctroleu 
gas  with  the  most  common  known  being 

Ltanc.  Atnormalatmosphcricpressurcandtemper  ures^ 

LP-Gas  is  in  the  gaseous  state.  Howes  er,  it  js  converted  to 
the  liquid  state  with  moderate  pressure  and  that  is  why  LPG 
is  transported  and  stored  in  tanks  or  containers  having  at 
least  250  PSl  working  pressure. 

The  main  source  of  LPG  is  natural  gas  and  crude  oil  mix¬ 
tures  as  they  come  from  active  oi.  and  natural  gas  we 
Though  propane  is  similar  to  natural  gas 
has  BTU  per  cubic  foot  compared  to  1050  d  l  p 

cubilfoot  for  natural  gas.  That  is  why  propane,  when  mixed 

in  properproportionwiihair.isanexcellentsupp  cmen 

replacement  to  natural  gas. 

Physical  Properties  of  Propane: 

a) BTLl  per  gal=  91,5(K) 

b) Specific  Gravity  of  liquid  (a  60DegF.(Water  - 1-0)  -  -  ° 

c) Specific  Gravity  of  gas  (a:  60  Deg.F.  (Air-1.0)  -L.  2^ 

d) Cubic  feet  gas  per  gal.= -^6.20 

e) Boiiing  Point  of  Liquid  (a  Sea  Uvel  when  released  to  air 
=  -44  Deg,  F. 

f)  Vapor  Pressure  (b  60  Deg.  F.  =  92  PSI 

g)  Vapor  Pressure  (h-  100  Deg.  F.=  172  PSl 

WHA  T  IS  A  PROPANE  VAPORIZER? 

A  propane  vaporizer  is  actually  a  boiler.  Instead  of  boiling 

water,  it  boils  propane.  It  may  sound 

required  to  vaporize  propane  when  propane  will  boil  at  -44 

decrees  F.  but,  when  propane  vaporizes  by  expansion  a  one, 

it  ^uses  a  refrigeration  action  that  would  freeze  valves  and 
burner  nozzles.  Therefore,  heat  is  required  to  offset  the 
refrigcraiion  aciion. 

There  are  two  ivpes  of  propane  vaporizers .  A  direct  fired 
tvne  uses  a  portion  of  the  propane  it  vaporizes  to  supp  y  the 
Z,  Co,  ,hL,pori«u>in  pnKcss.  The  indirec,  .y|K 
uses  an  outside  source  of  heat,  such  as  steam  or  hot  water,  to 
vaporize  the  propane. 


mixers  AND  BLENDERS 
After  the  liquid  propane  has  been  vaporized,  it  needs  to  be 
mixed  in  proper  proportion  with  air  to  duplicate  the  charac¬ 
teristics  of  natural  gas.  This  is  where  mixers  and  blenders 
come  in. 

There  areseveral  methods  to  mix  air  and  propane  vapor  but , 
nrobablv  the  most  simple  is  by  using  a  venturi  and  no/y.le. 
This  method,  as  well  as  other  methods,  hold  very  accurate 
air-fuel  ratios  through  a  narrow  range.  This  type  mixer  dws 
not  generally  require  compressed  air  for  operation, 
mixture  of  airVapor  is  fed  into  a  surge  tank,  where  it  s 
maintained  at  a  set  pressure  ,and  then  drawn  the  surge 
tank  for  use.  This  type  system  is  usually  recommended  for 
intermittent  periods  of  use  and  are  simple  to  operate. 

Blenders  and  modulating  proportioning  mixers  are  more 
complex  but,  are  accurate  and  capable  of  mixing  propane 
with  air  in  large  volumes  at  high  pressure.  These  systems  are 
reeommended  for  continuous  or  long  periods  of  useage  and 
arc  ideally  suited  for  peakload  shaving  and  larger  installa- 


tions. 

Regardless  of  the  type  vaporizer  and  mixer,  a  standby 
svstem  can  be  designed  for  the  requirement  ol  ‘he  small  user 
or  large  industrial  and  utility  users.  In  this  day  of  uncertain 
oil  prices  and  supplies,  a  standby  system  should  be  consid¬ 
ered  bv  all  natural  gas  users.  A  simple  analog)-  is  that  -  we 
keep  a  spare  tire  for  our  automobile  in  the  event  ol  a  fiat  - 
a  standby  system  is  a  spare  fuel  supply  in  the  event  natural 
gas  is  inicrrupiccl  or  demand  cannot  be  met. 


alternate 

energy  SYSTEMS’ 
VA  PORIZERS 


Alternate  Energv  Systems  manufactures  a  complete  line  of 
liquid  propane  vaporizers  (direct  fired,  indirect  fired)  in 
capacities  from40GPH  to53(K)GPH.  The  vaporizers  are 
manufactured  to  the  rigid  codes  of  the  American  Sociciyrf 
Mechanical  Engineers  (ASME).  latest  edition  of  NFPA 
#58  and.  approved  for  Factory  Mutual  (FM)  or  Industrial 
Risk  Insurers  (IRl)  installations . 

We  as  a  mnufacturer,  go  far  beyond  the  requirementss  and 
codes  and  are  continually  working  to  produce  equiprnent 
with  the  most  modern  engineering  techniques  available. 


3. 


(  DIRECT  FIRED  VAPORIZERS  j 


Requiring  no  electrical  source  for  operation,  the  direct 
fired  vaporizer  is  manufactured  in  capacities  of  40, 80  and 
120  gallons  per  hour  propane  vaporization  at  zero  degrees 
F.  inlet  temperature. 


Featuring  a  unique  primaiv'  and  secondary  air  burner  that 
assures  quick  ignition,  there  are  no  openings  or  louvers  at 
the  base  of  the  unit  which  could  cause  pilot  outage  prob¬ 
lems.  The  units  are  manufactured  with  a  bronze  liquid  inlet 
valve,  dual  liquid  level  control  to  prevent  liquid  carryover 
and  stainless  steel  ball  float  with  1500  PSl  pressure  rating. 
Enca.sed  in  a  durable  steel  sheet  metal  cabinet,  the  door  is 
easily  removed  for  simple  access  and  maintenance  to  burner 
assembly  and  temperature  control  valve. 


The  vaporizing  lube  and  all  propane  piping  conform  to  the 
standards  of  Section  Vlll,  Division  I  of  the  ASME  Boiler  & 
Pressure  Vessel  Code,  NFPA  #58,  and  are  approved  for 
Factory  Mutual  (FM)  and  Industrial  Risk  Insurers  (IRl) 
installations.  Models  AE-40  and  AE-80  are  also  approved 
by  Underwriter’s  Laboratories  of  Canada  (ULC). 

Model  Number  (AE)  designates  gallons  per  hour  propane 
vaporization  at  0  degrees  F.  inlet  temperature. 


r 


WA  TER  BA TH  VAPORIZERS 


The  horizontal  water  bath  vaporizers  are  rectangular  in 
design,  top  and  sides  insulated  with  fiber  board  insulation  to 
hold  water  hath  temperature  and,  covered  with  aluminum 
panels.  The  vaporizing  tube  bundle  and  all  propane  piping 
conform  to  the  standards  of  the  ASME  Boiler  and  Pressure 
Vcs.sel  Code,  NFPA  #58  and  arc  approved  for  Factory 
Mutual  (FM)  and  Industrial  Risk  Insurers  (IRl)  installa¬ 
tions. 


Usinsta  mixture  of  waterand  antifreeze  solution  asa  heat  ex¬ 
change  medium,  the  units  arc  skid  mounted,  factory  tested 
prior  to  shipment,  ready  for  connection  to  properly  sized 
electrical,  liquid  propane  inlet  and  vapor-outlet.  Model 
number  (WB)  designates  gallons  per  hour  propane  vapori¬ 
zation  at  0  degrees  F.  inlet  temperature. 


MODEL  m-200  THRU  WB-350 

These  modelsare  manufactured  with  a  venturi  type  burner, 
standing  pilot  and  thermocouple  with  burner  controls  en¬ 
closed  for  protection  from  the  elements.  Standard  salcty 
devices  include:  (1)  failsafe  burner  and  pilot  controls,  (2) 
high  water  bath  temperature  limit,  (.3)  low  water  limit,  (4) 
lowprttpane  temperatureswitch.and  (5)  water  temperature 
control.  Electrical  requirements:  15  amp.  120 volt,  single 
phase. 


MODEL  WB-450  THRU  WB-2()0() 

These  models  are  manufactured  with  a  power  type  burner, 
controlled  by  a  flame  safeguard  system,  with  burner  controls 
enclo.sed  for  protection  from  the  elements.  Complete  with 
first  and  second  stage  burner  regulation,  standard  safety 
devices  include:  (1)  high  water  bath  temperature  safety,  (2) 
low  water  level  safety,  (3)  flame  failure  lockout,  (4)  combus¬ 
tion  air  flow  switch,  (5)  low  burner  gas  pressure  .safety,  and 
(6)  high  burner  gas  pressure  safety.  Failure  on  any  of  these 
conditions  will  cause  the  system  to  lockout  and  sound  an 
alarm.  Electrical  requirements  :  120  volt,  single  phase. 

MODEL  WB-2200  THRU  WB-5S00 
These  models  are  manufactured  with  a  power  type  burner 
controlled  by  a  Programmer  with  burner  controls  enclosed 
for  protection  from  the  elements.  Complete  with  first  and 
.second  stage  burner  regulation,  standard  safety  devices  in¬ 
clude:  (1 )  high  water  bath  temperature  safety,  (2)  low  water 
level  safely,  (3)  flame  failure  lockout,  (4)  combustion  air 
flow  switch,  (5)  low  burner  gas  pre.ssure  safety  and  (6)  high 
burner  gas  pressure  safety.  Failure  on  any  of  these  condi¬ 
tions  will  cause  the  unit  to  lockout  and  sound  an  alarm. 
Electrical  requirements:  460  volt,  three  phase  with  Alter¬ 
nate  Energy'  Systems’  supplying  a  control  circuit  trans¬ 
former. 


Alternate  Energy  Systems  has  a  complete  line  of  vertical 
steam  vaporizers  in  capacities  of  55  to  6650  gallons  per 
ht)ur.  The  steam  tube  is  of  multipass  designed  to  transfer 
maximum  heat  to  the  liquid  with  tube  bundle  and  all 
propane  piping  conibrming  to  the  ASME  Boiler  and  Pres¬ 
sure  Vessel  Code. 

The  steam  vaporizers  arc  complete  with  steam  temperature 
regulator,  electric  liquid  level  control,  liquid  inlet  valve, 
solenoid  valve,  steam  trap  and  steam  back  check  valve. 


STEAM  VAPORIZERS 


^  ELECTRIC  VAPORIZERS 

Aliernaie  Energy  Systems  has  just  introduced  it's  newest 
unit,  the  LECTRA  PAK  vertical  electric  vaporizer.  Util¬ 
izing  electric  resistance  heaters  and  designed  for  safety  and 
dependability  ,  the  system  meets  all  requirements  of  NFPA 
Pamphlet  #58. 

LECTRA  PAK  is  complete  with  liquid  inlet  solenoid  valve 
approved  for  LP-Gas  at  250  PSIG  and  ASME  approved 
safety  relief  valve.  All  electrical  meets  the  requirements  of 
NEC  70  for  Class  1,  Group  D,  Divsion  11  locations.  The 
vaporizer  has.  full  1(M)9;  turndown  capability  and  is  avail¬ 
able  with  optional  remote  start. 


Manufactured  of  an  aluminum  block  with  a  1"  (2.54  cm) 
diameter  steel  pressure  tube  to  prevent  the  LPG  from 
contacting  the  aluminum,  the  unit  features  cast-in  electric 
resistance  heating  elements.  Heat  is  transferred  from  the 
aluminum,  through  the  steel  pressure  vessel  lube  and,  pro¬ 
motes  vaporization  of  the  liquid  propane.  A  thermocouple 
sensing  the  temperature  of  the  core,  cycles  the  resistance 
heater  OFF/ON  to  maintain  vapor  temperature  between 
101)  - 160  degrees  F.  (.^7.8  to  71  degrees  C.) 

I  ALTERNATE  1 

ENERGY  SYSTEMS’ 

I  MIXERS  I 

Aliernate  Energy  Systems,  Inc.  manufactures  a  complete 
line  of  propane-air  blending  and  mixing  systems  ranging  in 
capacity  from  3.5MM  BTU  to  5()0MM  BTU  per  hour. 

Our  complete  line  of  venturi  mixers  and  proportional 
blenders  utilize  the  finest  quality  material  and  knowledge 
to  meet  the  requirement  of  agencies  and  insurance  compa¬ 
nies  governing  the  LPG  industry. 

^  VENTURI  MIXERS 

Intended  for  outside  service,  these  mixing  systems  require 
11 5  volt,  single  phase  electrical  for  operation.  Using  pres¬ 
surized  propane  vapor  through  a  venturi  arrangement  to  in- 
spira  le  air,  the  BTU  content  of  the  mixture  is  determined  by 
the  regulated  propane  vapor  pressure.  With  the  gas  system 
governing  the  frequency  of  operation,  the  venturi  mixer 
cycles  on/off  by  the  use  of  pressure  switches. 


The  skid  mounted  systems  are  complete  with  surge  tank, 
blow  down,  safety  relief  valve  protection,  high  and  low  mix 
gas  safety,  low  propane  pressure  .safety  and  dual  check  valve 
system.  Solenoid  valves  are  explosion  proof  and  pressure 
.switches  are  of  standard  type. 

Manufactured  to  the  requirements  of  the  ASME  Code, 
latest  edition  of  NFPA  #58  and,  approved  for  Factory' 
Mutual  (FM)  or  Industrial  Risk  Insurers  (IRl)  installations, 
model  number  (H  VS)  of  the  venturi  .system  designates  mil¬ 
lions  of  BTU  per  hour  propane-air  mixture. 


^  PROPORTIONAL  BLENDERS  ^ 

The  utter  simplicity  of  Alternate  Energy  Systems’  propor¬ 
tional  blending  systems  provide  the  ultimate  in  reliability 
and  operation.  Manufactured  to  meet  or  exceed  industry 
specifications  set  forth  by  the  ASME  Boiler  and  Pre-ssure 
Vessel  Code  and  latest  edition  of  NFPA  #58,  these  systems 
require  compressed  air  for  operation.  Using  a  uniquely 
designed  rotatable  piston  valve  to  control  flow,  mixed  gas 
and  regulate  the  mixed  gas  BTU  content,  thc.se  units  are 
virtually  maintenance  free  and  eliminate  problems  and 
restrictions  commonly  found  with  diaphragms  and  piston 
rings.  Once  set,  the  blender  will  mix  two  gases  at  the  same 
ratio  regardless  of  downstream  demand. 

The  units  are  supplied  with  propane  regulator,  compressed 
air  regulator,  safety  relief  valve  protection  on  the  mixed  gas 
lincand  check  valvesontheairand propane  inlet  toprevent 
backflow.  Standard  units  include  general  purpose  first 
outage  control  panel  and  arc  designed  to  shut  down  in  the 
event  of  (1)  high  mixed  gas  pressure,  (2)  low  mixed  gas 
pressure,  (3)  low  propane  vapor  pressure,  (4)  low  air  pres¬ 
sure,  and  (5)  excess  differential  pressure  (gas-tt>-air).  Fail¬ 
ure  on  any  of  these  conditions  will  cause  the  system  to  shut 
down  and  cause  of  failure  will  be  indicated  on  the  first 
outage  control  panel.  The  blender  remains  in  shutdown 
status  until  manually  restarted. 

When  used  with  the  optional  "Accu-Blcnd"  system  (a  solid 
state  controller  combined  with  a  signal  from  a  gravitometer, 
calorimeter,  Wobbe  Index  Meter  or  other  BTU  measuring 
device),  the  system  will  automatically  control  the  BTU  out- 

I  ALTERNATE  I 
I  ENERGY  SYSTEMS  ’ 
i  MODULE  UNITS  I 

Alternate  Energy'  Systems.  Inc.  manufactures  the  most 
cttmplete  line  of  packaged  standby  equipment  as  ailablc  in 
the  industry.  These  packages,  complete  with  intercxtnncct- 
ing  piping  and  wiring,  arc  ready  for  connection  to  liquid 
propane  inlet,  properly  sized  electrical  and  mixed  gas 
outlet. 


Standard  Models  have  an  output  prcssureof5PSI  propane- 
air  mixture  with  pressures  of  4-9  PSl  obtained  by  factory 
adjustment.  High  Pressure  Models  with  output  pressure 
from  10  to  50  PSl  propane-air  mixture  are  available  and 
require  compressed  air  for  operation. 


These  skid  mounted  packages  can  be  factory  or  field  modi¬ 
fied  to  accept  now  control  systems,  specific  gravity  meter, 
special  annunciator  panels  or  large  number  of  other  options 
to  allow  the  customization  ofany  system  to  meet  any  specific 
specification. 


5. 


r=========^ - ^ 

\  DIRECT  FIRED  VAPORIZER  | 

\^W/^NW^_M^ERMODULE____^^ 

These  skid  mounted,  packaged  systems  uiilizeadircct  tired 
vaporizer  (or  combination  ot'vaporizers)  with  venturi  type 

mixing  system.  Designed  for  capacities  ranging  trom  .T5MM 
BTU  to  3()MM  BTU  per  hour,  the  units  arc  manufactured 
to  meet  or  c.xcecd  requirements  of  the  ASME  Pressure 
Vessel  Code  and  latest  edition  of  NFPA  Pamphlet  #3<S. 
Intended  for  intermittent  scrx'ice.  the  units  are  approved 
for  Factory  Mutual  (FM)or  Industrial  Risk  Insurers  (IRl) 
installations. 

Standard  design  output  pressure  is  5-9  PSl.  Higher 
pressures  of  10-50  PSl  are  alst)  available  and  require  com¬ 
pressed  air  for  operation.  The  vaporizer  model  number 
( AE)  designates  gallons  per  hour  propane  vaporiz.ation  at 
Odegrees  F.  inlet  temperature  and  the  mixer  model  (H  VS) 
desiunates  millions  of  BTU  per  hour  propane-air  mixture. 
Vlodcls  with  capacity  requirements  of  more  than  120  GPH 
use  a  series  of  two  or  more  vapttrizers  manifolded  for 
correctGPH.  Electrical  requirement:  1 15  volt,single  phase 
current. 

✓  - \ 

WATER  BATH  VAPORIZER 

WIVENTURI  MIXER  PACKAGE 

These  skid  mounted,  packaged  systems  utilize  a  horizontal 

waterbath  typevaporizerwith  venturi  type  mixing  system 
and  arc  designed  for  capacities  of  lOMM  BTU  to  lUOMM 
BTU  per  hour.  Manufactured  to  meet  or  exceed  require- 
mentsofthe  ASME  Pressure  Vessel  Codeand  latest  edition 
of  NFPA  Pamphlet  #58  .  they  are  approved  for  Factory 
Mutual  (FM)  t>r  Industrial  Risk  Insurers  (IRl)  installations. 


they  are  ready  for  connection  to  liquid  propane  inlet,  prop¬ 
erly  sized  electrical  and  mixed  gas  outlet. 

Requiring  clean,  dry  compressed  air  for  operation,  the 
blending  system  is  mounted  on  top  of  the  water  bath 
vaporizer.  Applicable  for  continuous  duty  or  total  stand-by 
the  units  are  designed  for  50:1  turndown  ratio.  Complete 
with  first  outage  annunciation,  the  systems  have  automatic 
safety  shutdown  with  manual  re-start. 

The  vaporizer  model  number  (WB)  designates  gallons  per 
hr)ur  propane  vaporization  at  0  degrees  F.  inlet  tempera¬ 
ture  and  the  blender  is  sized  according  to  millions  of  BTU 
per  hour  propane-air  mix  requirements.  Refer  also  to  Sec¬ 
tion  1  (Vaporizers)  and  Section  II  (Mixers). 


Many  of  the  vaporizers  and  mixing/blending  systems 
manufactured  by  Alternate  Energy  Systems  can  be  manu¬ 
factured  inside  portable,  prefabricated  buildings;  palletized 
on  structural  steel  skids  to  include  compressors  or, 
customized  to  meet  the  requirement  of  any  user.  For  more 
information,  contact  your  area  distributor  or  lactory. 

1  ALTERNATE  ^ 
ENERGY  SYSTEMS’ 
ACCESSORIES 


Alternate  Energy  Systems  has  a  complete  line  ot  accessories 
and  LPG  equipment  to  compliment  and  complete  any  pro- 


^  OT 


OTHER  MODULE  UNITS 


Standard  design  output  pressure  is  5-9  PSl  propane-air 

mixture  with  high  pressure  unitsof  10-50  PSl  available  upon 

request  (Note:  High  Pressure  units  require  compressed  air 
for  operation).  Vaporizer  model  number  (WB)  designates 
sallons  per  hour  propane  vaporization  at  0  degrees  F.  inlet 
temperature  and  mixer  model  number  (HVS)  designates 
millions  of  BTU  per  hour  propane-air  mixture.  Model 
number  or  capacity  requirement  governs  type  of  vaporizer 
burner  and  safety  features.  (Refer  to  Section  1  (Vaporizers) 
and  Section  II  (Mixers). 


(  water  bath  vaporizer 

K  W/PBMDCER  PACKAGE 

- i 

These  skid  mounted,  packaged  systems  utilize  the  water 
bath  vaporizer  and  proporational  blending  system  and  are 
designed  for  capacitiesof30MM  BTU  to  5(X)MM  BTU  per 
hour.  Complete  with  interconnecting  piping  and  wiring. 


pane  standby  system. 

Our  railtowers  are  factory  fabricated  and  shipped  in  three 
sections  for  ease  in  field  installation.  We  manufacture  or 
carry  a  complete  line  of  armpressors,  pump  packages,  valves, 
controls,  metering  systems,  flow  recorder/controller  sys¬ 
tems  and  tie-in  assemblies. 

All  equipment  manufactured  by  Alternate  Energy  Systems 
is  available  in  various  configurations  and  with  various  op- 
tktns.  Please  consult  your  area  distributor  or  the  factory  for 
your  specific  requirements. _ 


Alternate  Energy  Systems  reserves  the  right  to  make  changes 
or  add  improvements  without  notice  and  without  accruing 
any  obligation  to  make  such  changes  or  add  such  improve¬ 
ments  to  products  sold  previously.  _ 


ALTERNATE  ENERGY  SYSTEMS,  INC 


mm  DEFINITIONS 

Several  characteristics  affect  LPG  as  a  replacement  or  supplemental  fuel.  These  include: 

a)  Flame  Velocity  and  Color 

b)  Specific  Gravity 

c)  Calorific  Value 

d)  BTU  Measurement  (Wobbe  Index) 

1.  FLAME  VELOCITY/COLOR 

Because  of  the  number  of  carbon  atoms  in  propane,  propane-air  mixtures  produce  a  flame  that  is  more 
yellow  in  color.  However,  the  yellow  tips  are  not  of  consequence  and  do  not  affect  burner  operation  or  efficiency. 
Flame  velocities  of  LPG  are  near  equal  to  that  of  natural  gas  and  thus,  there  is  no  significant  flame  lift  differences 
between  natural  gas  and  propane-air  mixtures. 

2.  SPECIFIC  GRAVITY 

The  density  of  a  gas,  relative  to  air,  is  called  specific  gravity.  Since  air  has  a  specific  gravity  of  1 .0  and 
propane  a  specific  gravity  of  1.5,  propane-air  mixtures  have  a  specific  gravity  greater  than  1.0..  The  following 
chart  indicates  heat  value  in  BTU/Cu/Ft  {KCal/MN3)  and  the  specific  gravity  of  various  propane-air  mixtures. 


PROPANE-AIR  MIXTURES 


BTU/FT3 

:KCAL/NM3) 

%  PROPANE 
BY  VOLUME 

%  AIR 

BY  VOLUME 

%  OXYGEN 
BY  VOLUME 

SPECIFIC 
GRAVITY  OF 
MIXTURES 

1700 

(15,130) 

66.67 

33.33 

6.694 

1.349 

1650 

(14,685) 

64.70 

35.30 

7.378 

1.338 

1600 

(14,220) 

62.74 

37.26 

7.787 

1.328 

1550 

(13,755) 

60.78 

39.22 

8.197 

1.318 

1500 

(13,350) 

58.82 

41.18 

8.606 

1.308 

1450 

(12,950) 

56.86 

43.14 

9.016 

1.297 

1400 

(12,450) 

54.90 

45.10 

9.246 

1.287 

1350 

(12,015) 

52.94 

47.06 

9.835 

1.277 

1300 

(11,580) 

50.98 

49.02 

10245 

1.267 

1250 

49.02 

50.98 

10.654 

1.357 

Diffsrent  heat  values  result  primarily  from  differences  in  specific  gravity.  The  higher  the  specific  gravity,  the 
heavier  the  gas.  Since  burner  orifices,  flow  meters,  regulators,  etc.  have  fixed  openings,  they  allow  less  flow  of 
heavier  gas  and  therefore  must  have  a  higher  heat  value  to  provide  the  same  energy  input  as  a  lighter  gas. 

Most  natural  gas  has  an  average  heat  value  of  approximately  1050  BTU/Cu  Ft  (9350  KCAUMN3)  and  a 
specific  gravity  of  .6.  Compatible  propane-air  replacement  have  a  heat  value  of  1400  BTU/Cu  Ft  (12,467  KCAL/ 
MN3)  and  a  specific  gravity  of  1.287. 

3.  CALORIFIC  VALUE 


The  calorific  value  is  the  measurement  of  the  amount  of  heat  or  energy  produced  and  is  measured  either 
as  oross  calorific  value  or  net  calorific  value.  The  difference  being  the  latent  heat  of  condensation  of  the  water 
vapor  produced  during  the  combustion  process.  Gross  calorific  value  assumes  all  water  produced  during  the 
combustion  process  is  condensed.  Net  calorific  value  assumes  the  water  leaves  with  the  combustion  products 
without  being  condensed. 

Since  most  gas  burning  appliances  cannot  utilize  the  heat  content  of  the  water  vapor,  gross  calorific 
value  is  of  little  interest.  Fuel  should  be  compared  based  on  the  neat  calorific  value  and  this  is  especially  true 
for  natural  gas  since  the  increased  hydrogen  content  results  in  high  water  formation  during  combustion. 

4.  WOBBE  INDEX 

The  Wobbe  Index  is,  a  critical  factor  when  analyzing  propane-air  plant  requirements,  is  a  function  of  gas 
quality  and  allows  matching  one  gas  (in  this  case,  natural  gas)  to  a  replacement  gas  (in  this  case,  propane-air)^ 
If  the  two  different  gases  have  an  identical  Wobbe  Index,  they  will  produce  an  equal  amount  of  heat  and 
combustion  products  and,  will  require  the  same  amount  of  combustion  air.  Burners  adjusted  for  a  specific 
calorific  value  and  are  provided  a  replacement  of  a  lower  Wobbe  Index,  result  in  minor  combustion  changes. 
Substituting  a  gas  for  one  with  a  higher  Wobbe  Index  generally  allows  a  narrow  acceptance  range.  Flame 
characteristics  determine  the  acceptance  range  for  the  replacement  gas. 


ALTERNATE  ENERGY  SYSTEMS,  INC. 

PEACHTREE  CITY,  GEORGIA 


THEORETICAL  COMPATIBLE  MIXTURES 

Based  on  Propane  S..G.U.  =  1.53  2516  BTU  Cu/Ft 

Equivalent  heal  input  @  equal  pressure  and  flows  proportional  to  square  root  of  ratio  of  specific  gravity  of  mixture 
to  natural  gas. 


GROSS  HEAT 
BTU/CU  FT 


%  PROPANE  %  AIR 


S.G.U. 


GROSS  HEAT 
BTU/CU  FT 


196 

280 

365 


450 

538 

626 


5 
5 

1897 


ALTERNATE  ENERGY  SYSTEMS,  INC. 

PEACHTREE  CITY,  GEORGIA 


SPECIFIC  GRAVITY  AND  HEAT  CONTENT  BY  VOLUME 

OF  LP  GAS-AIR  MIXTURES 


Based  on  Propane  S.G.U.  =  1.53  2516  BTU/Cu  Ft 
Butane  S.G.U.  =  2.00  3280  BTU/Cu  Ft 


PROPANE-AIR  MIXTURES 


BUTANE-AIR  MIXTURES 


%  PROPANE  %AIR 


GROSS  HEAT 
BTU/CU  FT 


%AIR 


GROSS  HEAT 
BTU/CU  FT 
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0 

2.000 

3280 

95 

5 
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90 

10 
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85 

15 
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2788 

80 

20 

1.800 

2624 

75 

25 

1.750 

2460 

70 

30 

1.700 

2296 

65 

35 

1.650 

2132 

60 

40 

1.600 
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59 

41 

1.590 

1935 

58 

42 

1.580 

1902 

57 

43 

1.570 

1870 

56 

44 

1.560 

1837 

55 

45 

1.550 

1804 

54 

46 

1.540 
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53 

47 

1.530 
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52 

48 

1.520 

1706 

51 

49 
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50 

50 
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1640 

49 

51 

1=490 

1607 

48 

52 

1.480 

1574 

47 

53 

1.470 

1542 

46 

54 

1.460 

1509 

45 

55 

1.450 

1476 

40 

60 

1.400 

1312 

35 

65 

1.350 

1148 

30 

70 

1.300 

984 

25 

75 

1.250 

820 

20 

80 

1.200 

656 

15 

85 

1.150 

492 

ID 
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1.100 
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0 

ALTERNATE  ENERGY  SYSTEMS,  INC. 

PEACHTREE  CITY,  GEORGIA 


COMPARATIVE  THERMAL  VALUE  OF  FUELS 


NATURAL  GAS. 
FUEL  on _ 


.100,000  BTU’s  =  1  Therm 
.42  Gallons  =  1  Barrel 


GAS  CONVERSION  FACTORS 


1  Cubic  Foot  (CF). 

100  CF.. . . 

1  Therm . 

10  Therms _ 

1  DTH..„. . 

1  DTH . . . 


■Approx.  1,000  BTU’s 
100,000  BTU’s 
.100,000  BTU’s 
,.l  Decatherm  (DTH) 
.1,000,000  BTU’s 
IMM  BTU 


APPROXIMATE  CONVERSION 


Propane/Gallon _ 

Butane/Gallon . 

#2  Heating  Oil/Diescl/Gallon. 

#6  Fuel  Oil/Barrel _ 

Coal  (Short  Ton) - 


_ 91,500  BTU’s  =  .915  Therms/Gallon 

_ 103,000  BTU’s  =  1.03  Therms/Gallon 

.....138,500  BTU’s  =  1.385  Therms/Gallon 
...6350,000  BTU’s  =  63.5  Therms/Barrell 
,21,900,000  BTU’s  =  219  Therms/Short  Ton 


1  Truck  &  Trailer  of  Propane  (9300  gallons) . =  8,510  Therms 

1  Truck  &  Trailer  of  Butane  (9,000  gallons) . =  9,270  Therms 

1  Truck  &  Trailer  of  Diesel  (8,000  gallons) . =  11,080  Therms 

1  Truck  &  Trailer  of  #6  Fuel  Oil  (7,000  gallons). —  =  10,500  Therms 


CONVERT  CENTS/GALLON  TO  $/MM  BTU 


MULTIPLY  CENTS/GALLON  BY; 

Ethane _ 

Propane . 

Normal  Butane - 

Iso-Butane _ 

Mixed  Butane  (75/25). 

Natural  Gasoline - 

#2  Oil _ 


15.24  Gallons/MM  BTU 
.10.93  Gallons/MM  BTU 
...9.71  Gallons/MM  BTU 
.10.12  Gallons/MM  BTU 
...9.81  Gallons/MM  BTU 
...8.00  Gallons/MM  BTU 
...7.22  Gallons/MM  BTU 


CONVERT  $/Bbl  TO  $/MMBTU 


DIVIDE  S/Bbl  BY; 

#6  OU., 
#6  Oil.. 


.6.35  MM  BTU/Barrel 
151,190  BTU/Gallon 


PHYSICAL  PROPERTIES  OF  PROPANE 


Propane 

Formula  . C3H8 

Molecular  Weight  .  44.097 

Melting  (or  Freezing)  Point,  'F  . .  -305.84 

Boiling  Point,  ’F  .  -44 

Specific  Gravity  of  Gas  (Air  =  1.00)  .  1-52 

Specific  Gravity  of  Liquid  60“F/60*F  (Water  =  1.00)  .  0.588 

Latent  Heat  of  Vaporization  at  Normal  Boiling  Point  BTU/lb.  .....  183 

Vapor  Pressure,  Ib./sq.  In.  Gauge  at  60*F  .  92 

Lbs.  per  Gallon  of  Liquid  at  60"F  .  4.24 

Gallons  per  lb.  of  Liquid  at  60*F  .  0.237 

BTU  per  lb.  of  Gas  (gross)  .  21591 

BTU  per  cu.  ft.  Gas  at  60“  F  and  30”  Mercury  .  2516 

BTU  per  gal.  of  Gas  at  60“ F  .  91547 

Cu.  ft.  of  Gas  (eO^F,  30”  Hg)/Gal.  of  Liquid  .  36.39 

Cu.  ft.  of  Gas  (60“F,  30”  Hg)/Lb.  of  Liquid  .  8.58 

Cu.  ft.  of  Air  Required  to  Burn  1  cu.  ft.  Gas  .  23.87 

Flame  Temperature,  “F  . —  3595 

Octane  Number  (Iso-Octane  =  100)  .  125 


CONSTANT  MEASUREMENTS 


Unit  of  Measure 

BTU 

KWH 

Therm 

Decitherm 

BTU 

1 

,000293 

.00001 

.0001 

KWH 

3,413 

1 

.00341 

.0341 

Therm 

100.000 

29.3 

1 

10 

Decitherm 

10,000 

2.93 

.1 

1 

PROPANE  EQUIVALENTS 

Unit  of  Measure 

BTU 

Pound  Therm  Decitherm 

Cu.  Ft. 

Gallon 

Pound 

21,591 

1  .216 

2.16 

8.58 

.239 

Therm 

100,000, 

4.622  1 

10 

39.7 

1.10 

Decitherm 

10,000 

.4622  .1 

1 

3.9 

.110 

Cu.  Ft. 

2,516 

.1164  .025 

.25 

1 

.027 

Gallon 

91,547 

4.24  .916 

9.16 

36.39 

1 

NATURAL  GAS 

Unit  of  Measure 

BTU 

Pound  Therm  Decitherm 

Cu.  Ft. 

Gallon 

Cu.  ft. 

1,040 

.011 

.11 

1 

Th9S9  ffgures  represent  average  propertfes  of  propane. 


ALTERNATE  ENERGY  SYSTEMS,  INC. 


P.O.  BOX  2469  21 0  PROSPECT  PARK 
PEACHTREE  CITY,  GEORGIA  30269 

TELEPHONE;  404-487-8596 

FAX:  404-631-4306 

TELEX;  5101007858  AESGA  UD 


SPECIFICATION  SHEET 
MODEL  WB-2500 

HORIZONTAL  WATER  BATH  PROPANE  VAPORIZER 


TYPE:  Horizontal  Water  Bath  Indirect  Fired  Propane  Vaporizer 

CAPACITY:  2500  Gallons  Per  Hour  Propane  Vaporization  at  0  Degrees  F.  Inlet 

WATER  CAPACITY:  1398  Gallons 

BURNER  DESIGN:  3,000,000  BTU  Per  Hour/Forced  Draft 

DESIGN  TEMPERATURE:  650  Degrees  F.  Inlet 

DESIGN  PRESSURE:  250PSIG 

MANUFACTURED  CONSTRUCTION:  Vaporizing  Tube  conforms  to  ASME  Boiler  & 
Pressure  Vessel  Code,  Section  VIII,  Division  I.  Conforms  to  latest  edition  of  NFPA  #58. 

Features  Power  Type  Burner;  Electronic  Flame  Safeguard  System  and  Enclosed  Burner  Controls. 

APPROVALS:  Factory  Mutual  (FM)  and  Industrial  Risk  Insurers  (IRI). 


STANDARD  SAFETY  FEATURES: 

-  Flame  Failure  Safety  Shut  Down 

-  Low  Water  Level  Cut  Off 

-  Liquid  Carryover  Protection  (Low  Vapor  Temp) 

-  Relief  Valve  Protection/Vaporizer  Coil  &  Burner  Train 


-  Electronic  Flame  Safeguard 

-  High  Water  Bath  Temperature  Limit 

-  Low  Burner  Gas  Pressure  Safety 

-  High  Burner  Gas  Pressure  Safety 


LIQUID  INLET  CONNECTION:  2"  FNPT 

VAPOR  OUTLET  CONNECTION:  3"  300#  Raised  Face  Flange 

ELECTRICAL  REQUIREMENT:  460V,  Three  Phase;  60  Cycle,  20  Amp 

SKID  DIMENSIONS:  84"  W  x  206"  L 

DRY  WEIGHT:  14,500# 

OPTIONS  AVAILABLE:  ASME  "U"  Stamp 

National  Board  Registration 
Vapor  Outlet  Valve 
Second  Stage  Regulator 

All  equipment  manufactured  and  sold  by  Alternate  Energy  Systems  is  covered  by  our  standard  equipment 
warranty  against  defects  in  material  or  workmanship  as  outlined  in  our  full  equipment  warranty.  All  units  are 
primed,  painted  and  factory  tested  prior  to  shipment. 


REVISION  RECORD 


OfC  JdVMyUiniQ  M 


:  ;  MIXES  AIR  AND  PROPANE  TO  DUPUCATE  NATURAL  GAS. 
f^i.  'ONCE  SET,  THE  MIXTURE  REMAINS  THE  SAME.  A  SIMPLE  ' 

system:  that  can  be  easily  serviced  with  simple 

TOOLS.-  MAY  BE  COMBINED  WITH  A  ;  ACCUBLEND 
i;:  i  CONTROL  SYSTEM.,: , 


ALTERNATE  ENERGY 
SYSTEMS  RELEASES  ITS 
NBA/EST  STATE- OF -THE 
-ART  MIXING  SYSTEM 
FOR  PRO  PANE -AIR 
PEAK  SHAVING  AND 
STANDBY  SYSTEMS  . . . 
THE  POM  SYSTEM. 


PATENT  PENDING 


The  POM  (Piston  Operated  Mixer)  is  uniquely  designed  with  a  rotatable  piston  to  mix 
two  dissimilar  gases  without  the  need  for  a  diaphragm  operated  control. 


The  utter  simplicity  of  the  POM  indiccates  a  mixer 
that  offers  the  ultimate  in  reliability  and  can  be 
manufactured  of  any  material  compatible  with 
the  medium  being  blended.  Virtually  main¬ 
tenance  free,  simple  maintenance  requires  re¬ 
moval  of  the  POM  cap,  removal  of  the  piston  and 
washing  it  in  solvent,  wiping  out  the  piston  cham¬ 
ber  and  replacing  the  piston  and  cap. 

By  using  a  piston,  there  are  no  design  pressure  or 
temperature  restrictions  commonly  found  with  dia¬ 
phragms  which  have  high  temperature  restrictions 
or  may  stiffen  and  crack  in  cold  temperatures. 

Once  set  the  POM  will  mix  two  gases  at  a  con¬ 
stant  ratio;  a  propane  and  air  mixture  which  would 
be  compatible  v/ith  natural  gas  regardless  of  the 
downstream  demand.  The  POM  system  is  a 
“pushthru"  system.  This  means  that  it  is  not  nec¬ 
essary  to  reduce  the  air  and  gas  to  zero  pressure 
then,  compressing  both  air  and  gas  to  the  desired 
pressure.  The  POM  system  utilizes  the  existing  pres¬ 


sure  in  the  propane  to  satisfy  most  industrial  appli¬ 
cations. 

HOWITWORKS—  The  dominant  gas  (i.e.  propane) 
enters  the  Mixer  at  Inlet  Port  "A".  Compressed  air 
enters  at  Inlet  Port  "B".  Both  gases  exit  together  at 
Exit  Port  "C". 

A  small  connecting  tube  connects  Inlet  Port  "A" 
with  Chamber  "D"  and,  another  tube  connects 
Chamber  ”E"  (through  the  piston)  with  Exit  Port 
"C". 

During  rests  or  no  flow  periods,  the  piston  rests  in 
the  closed  position.  Upon  demand  for  gas,  pres¬ 
sure  at  Exit  Port  "C"  drops  slightly  and  this  depres¬ 
sion  is  passed  through  the  piston  to  Chamber  ”E". 
The  pressure  Inlet  Port  "A"  (dotininant  gas)  is  greater 
and,  since  this  area  connects  to  Chamber  "D",  the 
piston  will  rise  and  fall  with  demand  changes 
pressure  drops  at  Exit  Port  "C".  Thus,  the  piston  can 


urately  measure  the  flow  of  gases  regardless  of 
the  downstream  demand. 

RATIO  ADJUSTMENT—  A  segment  cut  out  of  the 
piston  matches  the  edge  of  the  cutouts  in  Port  "A- 
B".  The  piston  is  positioned  by  a  spring  fitting  be¬ 
tween  a  sliding  pinned  guide  and  the  top  of  the  pis¬ 
ton  .  A  knurled  knob,  attached  to  the  stem  of  the 
guide,  easily  allows  adjustment  to  be  made  exter¬ 


nally  by  rotating  the  guide  to  restrict  either  Inlet  Port 
and  controls  the  ratio  of  gas  and  air.  The  piston  is 
designed  with  a  series  of  grooves  called  a  labyrinth 
which  generates  circular  "O"  rings  or  vortices  which 
prevents  the  gases  from  transferring  between  the 
top  and  bottom  chambers  and  thereby,  eliminates 
the  need  for  a  diaphragm  or  a  mechanical  seal 
such  as  a  piston  ring. 


MIXING  SYSTEM  . . . 

ACCU  -  BLEND 

A  solid  state  controller  combined  with  a  4-20MA  signal  from  a  gravitometer,  calorimeter, 
Wobbe  I  ndex  Meter  or  any  other  BTU  measuring  device  wi  1 1  automatically  control  the  BTU  out¬ 
put  of  the  new  POM  blending  system. 

The  POM  design  also  features  — 

•  No  rubber  diaphragms  to  dry  out  and  stiffen 

•  A  close  tolerance  guide  for  the  piston  is  internal;  away  from  air  &  gas  flow 

•  Unique  air  labyrinth  piston  seal 

•  The  piston  does  not  touch  bore 

•  There  are  no  piston  rings  to  seize;  the  labyrinth  acts  as  a  seal 

•  There  is  no  external  piping.  Operating  bleeds  and  parts  are  integral  within  the  valve 
^1^  thereby  reducing  damage  possibilities 

•  A  proven  technology  that  is  used  in  Rolls  Royce  and  Jaguar  engines 

•  Available  state  of  the  art  control  when  combined  with  the  A.E.S.  Accu-Blend  Control 
System 


P.O.M.  SYSTEM  WITH  ACCU-BLEND  CONTROL 


GAS  METER 


TO  SERVICE 


i 


i 


\ 

I 

i 


i 


AIR 


PROPANE 


POM  SYSTEM 


MODEL 

POM-30 

POM-40 

POM^O 

HEIGHT 

50"  (127.00  Cm) 

50"  (127.00  Cm) 

50"  (127.00  Cm) 

WIDTH 

48"  (122.00  Cm) 

48"  (122.00  Cm) 

48"  (122.00  Cm) 

LfNGTH 

60"  (152.40  Cm) 

70"  (177.80  Cm) 

80"  (203.00  Cm) 

VAPOR  IN 

2"  NPT 

3"  Fig 

4"  Fig 

AIR  IN 

2"  NPT 

3"  Fig 

4"  Fig 

MIXED  GAS  OUT 

3"  Fig 

4"  Fig 

4"  Fig 

HT  TO  MIXED 

GAS  FLG  CENTER 

12"  (30.48  Cm) 

12"  (30.48  Cm) 

12"  (30.48  Cm) 

HT  TO  AIR  AND 
VAPOR  INLET 

36"  (91. 44  Cm) 

36"  (91 .44  Cm) 

36"  (91 .44  Cm) 

SHIPPING  WEIGHT 

600#  (272.40  Kg) 

800#  (363.20  Kg) 

1200#  (544.80  Kg) 

POM  SYSTEM  FLOW  CHART 


MIXED  GAS  PRESSURE  MIXED  GAS  FLOW  SPECIFIC  GRAVITY  =  1.3 


PS! 

Kg/Cm2 

MODEL  POM-30 

MODEL  POM-40 

MODEL  POM-60 

20 

1.4 

20  MCFH  (  566  Nrn3/Hr)l^ 

i^pe^FH  (198t  Nm3/HrLf-;^ 

:®;:;1IB0  MCFH:;(4528  Nrn3/Hr]E^ 

40 

2.8 

30  MCFH  (  849  Nm3/Hr) 

80  MCFH  (2264  Nm3/Hr) 

170  MCFH  (4811  Nm3/Hr) 

■  60 

4.2 

•  ^35MCFH('990}Nm^^ 

if?  180  MCFH.{M94;Hm25fHr)  -  L 

^  80 

5.6 

38  MCFH  (1075  Nm3/Hr) 

110  MCFH  (3113Nm3/Hr) 

190  MCFH  (5377  Nm3/Hr) 

100 

7.0 

,^  42  MCFH  (t188;Nm3/Hir|^ 

^20  MCFHe(3395  Nm3/Hd? 

200  MCFH  (5660  NiT^/Hr)*i?; 

120 

8.4 

43  MCFH  {1216Nm3/Hr) 

130  MCFH  (3679  Nnn3/Hr) 

220  MCFH  (6226  Nm3/Hr) 

.140 

9.8 

,!^;44  MCFH  (1245ilBi®(f|i^^ 

M24(feMCF|ia67i^rSSWf]^ 

160 

11.2 

45  MCFH  (1273  Nm3/Hr) 

140  MCFH  (3962  Nm3/Hr) 

240  MCFH  (6792  Nm3/Hr) 

^180"  :  ^ 

12.6  , 

lil^MCFH;T3962:Nm^Hr)?S 

li:240;  MCEH  i(6792:Nm3/H^i 

200 

14.0 

45  MCFH  (1273  Nm3/Hr) 

140  MCFH  (3962  Nm3/Hr) 

240  MCFH  (6792  Nin3/Hr) 

iiMrn'Miw 

15.4  : 

*&45  MCFH  (1273  lSlm3/Hf)®^ 

^40  MCFHr(3962  Nfn3/Hr) X 

-£  250  MCFH  (7075  Nm3/Hr)B  £ 

240 

16.8 

45  MCFH  (1273  Nm3/Hr) 

140  MCFH  (3962  Nm3/Hr) 

250  MCFH  (7075  Nm3/Hr) 

250 

17.5  -  ; 

45  MCFH  (i273;Nm3/HrJii^ 

/r-  '250  MCFH  (7076 

Telephone  No.  404/487-8596 


TLX.  No.  51 01 007858  AES  GA  UD 


PLANT  SYSTEMS  INCORPORATED  ^ 

P.O.  Box  3B308  Cleveland  44138 
7993  Lewis  Road  -  Berea.  Ohio  44017 
(216)  235-5700  Fax:  (216)  235-5944  J 


Industrial  Propane  Systems 


If  you  were  to  be  designing  an  industrial  fuel  sup¬ 
ply  system,  you  would  start  with  the  same  general 
types  of  components  as  are  installed  in  domestic  or 
commercial  systems — the  tank  or  tanks,  regulators, 
piping,  valves,  fittings,  safety  devices  and  controls. 
But  they  would  need  to  be  larger  to  handle  larger 
demands.  And,  if  demand  was  to  exceed  the  capabili¬ 
ty  of  the  propane  to  vaporize  naturally,  you  would 
assist  nature  by  installing  a  heat  exchange  device 
known  as  a  vaporizer. 

In  some  cases  it  might  be  necessary  to  add  a  pump. 
And  if  the  system  was  to  perform  as  a  standby  for  in¬ 
terruptible  natural  gas  service,  a  blender  would  be 
needed  to  reduce  the  heating  value  of  each  cubic  foot 
of  propane  to  make  it  compatible  with  natural  gas. 

A  suitable  propane-air  mixture,  matched  to  the 
combustion  characteristics  of  the  particular  natural 
gas  it  is  to  replace,  will  produce  identical  results.  The 
equipment  in  which  it  is  burned  won’t  know  the  dif¬ 
ference  between  propane-air  and  natural  gas.  And 
this  is  why  propane  is  the  perfect  standby  fuel  for 
natural  gas;  no  burner  changes  or  adjustments  are 
needed.  A  plant  can  switch  back  and  forth  from  one 
to  the  other  with  no  difficulties. 

Calculating  Interchangeability.  Interchangeability 
of  propane  with  natural  gas  is,  however,  a  matter  of 
careful  and  precise  blending.  The  two  fuels  cannot  be 
interchanged  on  a  Btu-per-cubic-foot  basis.  Propane 
aerated  to  reduce  its  Btu  content  to  exactly  1000  per 
cubic  foot  will  not  interchange  with  1000-Btu  natural 
gas.  Specific  gravity  differentials  must  also  be  con¬ 
sidered. 


The  compatibility  range  has  been  found  to  vary 
from  1196  to  1822  Btu/cu.  ft.,  depending  upon 
specific  gravities.  For  example,  a  propane-air  mix¬ 
ture  of  1200  Btu  having  a  specific  gravity  of  1 .24  has 
been  found  to  be  compatible  with  natural  gas  of  900 
Btu  and  0.6  specific  gravity,  while  1450-Btu  propane 
air  with  a  specific  gravity  of  1.29  is  interchangeable 
with  1050-Btu,  0.62  specific  gravity  natural  gas.  (See 
Table  /.) 

In  the  former  case,  the  correct  heating  value  and 
specific  gravity  is  achieved  by  mixing  47%  propane 
with  53%  air.  In  the  latter,  the  ratio  is  57%  propane 
and  43%  air.  (See  Table  2). 

After  the  propane  has  been  mixed  with  air  in  a 
carefully  pre-determined  ratio,  the  propane-air  will 
be  fed  into  the  conventional  gas  system.  Many  plants 
have  automatic  or  semi-automatic  changeovers; 
when  the  gas  utility  shuts  off  the  supply  to  the  plant  it 
automatically  switches  over  to  propane-air.  This  is 
highly  important  in  a  number  of  industries  where  a 
cool-down  in  the  equipment  can  be  disastrous.  In 
glass  kilns,  for  example,  a  cool-down  can  turn  the 
kiln  into  a  molten  mess  which  must  be  broken  up 
before  it  can  be  disposed  of.  In  tile  kilns,  heat-ups 
can  take  an  excessively  long  time,  so  an  interruption 
in  fuel  flow  can  result  in  a  protracted  and  costly  halt 
in  production.  Dependable  automatic  or  semi¬ 
automatic  changeover  equipment  designed  to  prevent 
shutdowns  can  assure  smooth  operation. 

Many  companies  in  the  United  States,  including 
automobile  manufacturers,  use  propane  air  for 
standby.  If  their  demands  are  high  and  the  necessary 


45 


equipment  is  rather  large,  the  standby  plant  with 
mixer  and  vaporizer  may  have  to  be  housed  in  a 
separate  small  building.  However,  for  smaller  re¬ 
quirements  packaged  plants,  some  even  skid- 
mounted,  will  suffice. 

Storage  Facilities.  As  discussed  in  Chapter  1 ,  codes 
have  been  established  by  the  National  Fire  Protection 
Association  and  in  many  cases  adapted  intact  or  with 
certain  changes  by  local  jurisdictions  setting 
minimum  clearances  for  tank  installations.  By 
reference  again  to  Chapter  4,  you  can  refresh  your 
memory  on  the  spacing  regulations  established  by 
NFPA.  (Be  sure,  however,  that  these  are  compatible 
with  the  local  jurisdiction’s  before  using  them  in  your 
plans.)  Containers  of  501 -2000-gal.  capacity  must  be 
installed  at  least  25  ft.  from  buildings  and  from  pro¬ 
perty  lines  that  may  be  built  on  later;  the  minimum 
distance  for  tanks  with  over  2000  gals,  capacity  is  50 


ft.  from  both. 

When  containers  are  buried,  a  minimum  distance 
of  6  inches  must  be  maintained  from  the  top  of  the 
container  to  the  grade.  Select  a  site  carefully,  making 
sure  to  locate  all  buried  sewer  lines,  water  lines,  drain 
tiles,  buried  power  lines  and  gas  lines  that  may  be  in 
the  area.  Do  not  bury  tanks  near  underground  piping 
or  tiles  because  any  leakage  from  the  tank  could 
follow  a  pipe  or  tile  to  a  building  or  low  area.  Avoid 
if  possible  areas  that  might  be  subject  to  flooding;  if 
this  is  not  feasible,  make  sure  the  tank  is  weighted 
and  anchored  to  prevent  its  floating  in  case  of  high 
water.  All  regulator  vents  and  relief  valve  vents  must 
be  high  enough  to  protrude  above  maximum  flood 
stage. 

Although  the  minimum  depth  for  tank  burial  is  6 
inches,  if  it  is  to  be  placed  in  a  position  where  it  could 
be  subject  to  abrasive  action  or  physical  damage  due 


1  Table  1.  PROPANE-AIR  MIXTURES 

I  Natural  Gas  Properties 

Equivalent  Propane-Air  Mixture! 

BTU/CF 

Specific  Gravity 

BTU/CF 

Specific  Gravity 

900 

0.6 

1200 

1.24 

1000 

0.61 

1400 

1.28 

1050 

0.62 

1450 

1  29 

1100 

0.63 

1500 

1.31 

1150 

0.65 

1560 

1  32 

Table  3.  VAPORIZER  SPACING 

Exposure  Minimum  Distance  Required 

Container 

10  feet 

Container  shutoff  valves 

15  feet 

Point  of  transfer  (See  4001) 

20  feet 

Nearest  important  building 

25  feet 

or  property  line 

Table  2. 

MIXTURE  SPECIFICATIONS 

BTU/CF 

®o  Propane 

®o  Air 

Specific  Gravity 

1200 

47 

53 

1.246 

1400 

55 

45 

1.287 

1450 

57 

43 

1.297 

1500 

59 

41 

1.308 

1560 

61 

39 

1.320 

Table  4.  TANK  HEATER  SPACING 

Container  Water  Capacity 

Minimum  Distance  Required 

500  gallons  or  less 

10  feet 

501  to  2000  gallons 

25  feet 

2001  to  30,000  gallons 

50  feet 

30,001  to  70,000  gallons 

75  feet 

70,001  to  90.000  gallons 

100  feet 

90,001  to  120,000  gallons 

125  feet 
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Packaged  components  of  a  system  include  the  surge 
tank,  vaporizers  In  foreground,  blenders  In  rear. 


An  example  of  a  very  large  industrial  installation,  in¬ 
corporating  eight  60,000-gal.  tanks. 


to  vehicular  traffic  it  must  be  buried  not  less  than  2 
feet  below  grade  or  otherwise  protected  against 
damage. 

How  To  Install.  Two  schematic  views  illustrate 
recommended  methods  of  installing  underground 
tanks.  Fig.  1  illustrates  methods  of  burying  and  pro¬ 
tecting  a  tank  in  a  driveway  or  parking  lot.  Fig.  2 
shows  the  traffic  collar  for  driveway  installation.  Fig. 
3  shows  an  underground  installation  in  a  planted 
area.  When  installing  the  piping  and  the  regulator  in 
a  dome  of  an  underground  tank,  make  sure  the 
regulator  is  located  higher  than  any  possible  water 
level  or  have  a  vent  tube  to  keep  water  out. 

The  vent  tube  should  be  run  from  the  regulator 
vent  to  above  any  possible  water  level,  and  the  vent 
tube  opening  should  terminate  at  the  extreme  top  in¬ 
side  the  dome  cover  and  be  covered  with  a  suitable 
screen.  Regulators  that  do  not  have  a  topped  vent  in 
which  to  install  a  vent  tube  should  not  be  used  unless 
they  can  be  installed  above  any  possible  water  level. 

Fig.  4  is  a  schematic  of  an  above-ground  tank 


A  typical  Industrial  Installation  comprises  storage 
tanks,  small  surge  tank,  blenders,  vaporizers. 


In  many  large  installations  (as  at  left),  blender,  con¬ 
trols,  air  compressors  are  inside  a  building. 


when  a  vaporizer  is  used.  The  schematic  traces  the  li¬ 
quid  service  line  to  the  inlet  of  the  vaporizer. 

A  more  detailed  drawing  of  a  tank  and  vaporizer 
installation,  complete  with  other  handling  facilities, 
is  shown  in  Fig.  5.  Note  that  the  draftsman  has 
shown  a  complete  system,  including  a  tank  car 
siding. 

In  such  an  installation,  one  of  several  types  of 
vaporizers  might  be  used,  including  both  direct-  and 
indirect-fired.  A  new  type  commonly  used  today  is 
the  water-bath  type.  Sizes  and  types  cover  a  broad 
spectrum  from  small,  integral  direct-fired  units  ready 
to  install  in  the  system  to  multi-component  equip¬ 
ment  that  must  be  tailored  for  the  job.  Typical  of  the 
smaller  integral  systems  is  a  gas-fired  model  that  will 
vaporize  40  gph  of  propane  at  temperatures  as  low  as 
-40°.  This  size  has  many  applications  in  commercial 
applications,  particularly,  such  as  schools,  motels, 
hospitals,  grain  dryers,  restaurants,  etc.  The  larger 
units  such  as  the  one  shown  in  the  schematic  drawing 
have  many  times  this  capacity,  of  course. 
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Each  size  and  type  of  vaporizer  is  designed  for  a 
specific  range  of  demands.  To  determine  which  type 
is  best  for  the  application  you  have  in  mind  check 
your  local  propane  marketer. 

Be  sure  to  comply  with  local  regulations  regarding 
installation  of  vaporizers.  NFPA  58,  “Storage  and 
Handling  of  Liquefied  Petroleum  Gases,”  lists  a 
number  of  locations  where  vaporizers  may  be  install¬ 
ed.  However,  certain  minimum  distances  must  be 
maintained  between  direct-fired  vaporizers  and  cer¬ 
tain  components  of  the  system  as  well  as  nearby 


buildings  and  property  lines;  these  are  shown  in 
Table  3.  Similarly,  direct  gas-fired  tank  heaters  must 
be  placed  at  specified  distances  (see  Table  4). 

Propane  is  the  logical  choice  as  a  standby  fuel  for 
natural  gas.  The  system  is  comparatively  simple,  no 
adjustments  to  plant  equipment  are  needed  to  effect 
the  changeover,  and  the  equipment  simply  won’t 
know  the  difference  between  the  two  fuels.  You  can 
minimize  your  customer’s  fuel  problems  by  specify¬ 
ing  propane. 
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LP  GAS  AS  AN  ALTERNATIVE 


WHY  ALTERNATIVE  FUELS  ARE  NEEDED 

The  need  for  alternative  fuels  has  become  apparent  in 
the  past  several  years,  due  to  the  volatility  of  pricing  and 
supply  in  the  industrial  sectors. 

Industries  today  are  either  faced  with  high  price  base 
fuels,  natural  gas,  propane,  or  oil  or  shortage  of  one  or 
the  other.  The  shortages  being  caused  by  the  lack  of  supply 
or  the  withholding  of  supply  from  the  market  place  such  as 
the  oil  crisis  when  OPEC  exercised  their  right  not  to  supply 
the  world  with  fuel  when  needed.  Today  however,  curtail¬ 
ments,  shortages  and  high  prices  are  the  rule,  rather  than 
the  exception.  Even  plants  on  firm  contractual  rates  with 
utilities  and  other  suppliers  are  faced  with  curtailments 
and  shortages,  therefore,  it  is  a  prudent  business  decision 
to  have  more  than  one  fuel  available  to  operate  the 
industrial  sector.  Many  companies  are  using  propane  as 
their  primary  or  secondary  fuel. 

The  ability  to  utilize  the  lowest  cost  fuel  or  to 
insure  availability,  provides  the  need  for  alternative  fuel 
systems.  Even  the  rare  possibility  of  an  accidental  outage 
of  primary  supply  could  cause  sufficient  damage  and  be 
disastrous  to  some  firms,  for  example  an  operator  of  four 
ceramic  furnaces,  needed  a  secondary  system  to  protect  his 
elaborate  product  which  had  to  be  cooled  at  k  controlled 
rate.  In  one  case,  a  ruptured  natural  gas  main  caused  the 
ceramic  kiln  to  fail,  resulting  in  the  necessity  to  reline  a 
furnace  and  the  loss  of  product.  With  four  other  such 
furnaces  to  consider,  the  operator  installed  secondary  fuel 
equipment  even  though  he  was  buying  gas  on  a  firm  rate.  The 
plant  has  now  been  enlarged,  with  consumption  increasing  to 
the  point  where  it  is  eligible  for  the  interruptable  rate. 
The  alternative  fuel  system  now  serves  a  two-fold  purpose: a 
replacement  for  interruptable  fuel  and  as  insurance  against 
accidental  outage. 

In  another  example,  several  large  airlines  installed 
computer  centers  utilizing  total  energy  systems  which  were 
operated  by  gas  turbines.  These  computer  centers  required 
their  own  power  system  to  provide  a  closer  frequency  and 
voltage  control  than  that  provided  by  public  power.  Public 
power,  therefore,  could  not  be  used  as  standby.  The 
airline,  although  on  a  firm  natural  gas  rate,  purchased  a 
propane  gas  system,  since  even  a  short  term  natural  gas 
failure  could  result  in  the  computer  failure  and  loss  of 
data . 
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CHOOSING  A  FUEL 

Economy  dictates  to  a  large  degree  the  choice  made  for 

primary  or  alternate  fuel.  ^anf 

Lve  been  switched  from  their  original  fuel  s,  oil  and, 
coal  to  using  natural  gas.  In  many  cases,  once  this 
equipment  has  been  converted,  the  standby  fuel  normally 
becomes  the  original  fuel  for  the  boiler. 

However  the  old  oil  or  solid  fuel-burning  equipment 

normally  is'  antiquated  and  storage  and  handling ^equipment 

has  detLiorated,  the  necessity  to  replace  all 
simultaneously  justifies  a  change  to  a  better,  mo  e 

economical  fuel.  This  is  especially  that^'^the 

has  kept  accurate  records.  These  will  show  that  the 

maintenance  of  burning  and  handling  equipment  for  fuels 
other  than  natural  gas  or  propane  is  considerably  higher. 

Cleanliness  plays  an  important  part  in  the  selection  of 
a  fuel.  A  manufacturer  of  electronic  specialties,  for 

instance,  had  to  maintain  "clean  rooms"  where  incoming  an 

ms  meticulously  filtered  to  prevent 

destroying  or  downgrading  the  finished  product.  Sol 
emitted  from  the  boiler  while  burning  oil  gas  cutof 

were  found  to  be  fouling  filtration  equipment.  This 
consumer  converted  to  LP  Gas  as  an  alternative  to  oi 

Many  plywood  manufacturers,  having  had  to  bleach  ^heir 
veneer  after  using  oil-fired  dryers discovered  that  this 

cSs?  jus?if?Sd  the  Shange  to  an  LP  Gas  (propane)  system 
which  eliminated  the  need  to  bleach. 

Another  significant  factor  in  the  selection  of  fnel  is 
contamination,  particularly  in  food  processing.  Natural  gas 
has  long  •  been  used  in  direct  gas-fired  dryers  for  the 
production  of  powdered  dairy  products.  In  this  process  the 
only  alternative  fuel  which  can  be  used  is  LP  Gas. 

In  the  past  10  years,  approximately  70%  of  the 
facilities  installed  have  utilized  straight  propane  rather 
than  a  mixture  of  propane  and  air  which  is  ^ ^sed  to  replace 
natural  gas.  In  these  installations,  primarily  industrial 
plants,  gas  burning  equipment  consists  of  powered  burners, 
large  in  size  and  few  in  number.  In  many  cases  the  burners 
can  easily  be  adapted  to  straight 

expedient  of  lowering  delivered  pressure  to  the  burners. 

In  one  application  a  large  boiler  system  was  fired  with 
propane  and  #  2  oil  was  used  as  a  standby.  In  another 

instance  propane  was  the  primary  fuel  for  aggregate 
In  both  applications  propane  was  picked  because  of  its  cost 
and  utilization  advantage. 
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Switchover  from  one  fuel  to  the  other  entails  a 
somewhat  complex  procedure  and  technical  knowledge  on  the 
part  of  the  operator.  Most  large  plants,  however,  have 
staff  members  with  the  expertise  to  effect  these  changes. 
Where  gas  is  the  primary  fuel  depending  on  the  layout  of  the 
gas  distribution  system,  such  facilities  can  be  divided  to 
burn  raw  propane  in  the  large  burners  and  a  propane  air  mix 
in  the  smaller  devices  employing  atmospheric  burners. 

Now,  however,  a  greater  number  of  commercial  and 
institutional  facilities  require  alternative  equipment. 
Most  of  these  plants  employ  gas  burning  devices  not  easily 
adapted  to  two  different  fuels  and  few  have  the  maintenance 
personnel  required  to  perform  complex  changeover  procedures. 
Economics  dictates  the  use  of  less  sophisticated  firing 
equipment  in  these  facilities,  which  makes  the  use  of  a 
compatible  secondary  fuel  (propane/air  mix)  mandatory. 
While  it  is  possible  to  use  straight  propane  in  any  of  these 
facilities  by  changing  orifices  in  atmospheric  burners  and 
duplication  gas  regulation  equipment  on  the  power  burners, 
it  is  obviously  impractical  to  do  so  in  a  system  where  there 
may  be  anywhere  from  10  to  100  such  units.  The  physical 
time  required  to  perform  the  change,  plus  such  items  as  line 
purging,  makes  the  use  of  anything  but  a  compatible  mixture 
totally  impractical. 

WHAT  IS  A  COMPATIBLE  MIXTURE 

A  compatible  mixture  can  be  defined  as  propane  and  air 
with  a  heating  value  of  1,400  BTU/cu.  ft.  and  a  specific 
gravity  of  1.3  (approximately).  Confusion  reigns,  even 
within  the  industry  itself,  in  regard  to  compatibility. 
There  have  been  at  least  five  different  methods  of 
calculating  the  characteristics  of  compatible  fuel  which 
have  been  presented  in  up  to  20  technical  papers. 
Regardless  of  the  method  of  computation  for  the  resulting 
figures,  ultimately  the  purpose  is  to  provide  a  gas  that 
will  burn  in  the  same  devices  and  in  the  same  manner  as 
natural  gas. 

Although  a  compatible  mixture  is  transmitted  in  the 
same  pipeline  as  natural  gas,  through  the  same  meters, 
regulators  and  orifices,  at  the  same  pressure,  burns  in  the 
same  manner  and  in  the  same  burners,  it  does  not  even 
approach  its  chemical  and  physical  characteristics. 

Natural  gas  is  lighter  than  air,  contains  roughly  1,000 
BTU/cu.  ft.  and  has  a  specific  gravity  of  about  0.6. 
Propane  is  half  again  as  heavy  as  air  and  contains 
approximately  2,520  BTU/cu.  ft. 
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While  a  mixture  close  to  the  physical  characteristics 
of  natural  gas  would  be  possible  by  mixing  propane  and 
hydrogen,  this  is  obviously  unrealistic.  For  any  practical 
consideration,  propane  must  be  mixed  with  air.  And  since 
air  has  a  specific  gravity  of  1,  any  mixture  of  the  two 
would  have  a  specific  gravity  between  1  and  1.5. 

The  characteristics  of  gas  flow  through  an  orifice  are 
such  that  this  heavier  product  (the  compatible  mixture)  will 
flow  at  a  lower  rate  through  a  given  orifice  and,  in  an 
atmospheric  burner,  will  entrain  different  amounts  of  air. 
Since  it  is  to  use  the  same  burner  as  the  natural  gas, 
adjustments  must  be  made  to  entrain  the  correct  amount  of 
air  and  provide  the  same  capacity.  To  compensate  for  the 
lower  flow  rate,  a  mixture  higher  in  heating  value  than 
natural  gas  must  be  produced.  Thus  a  compatible  mixture  of 
propane  and  air  can  be  regarded  as  one  with  a  heating  value 
of  1,400  BTU.  cu.  ft.  and  a  specific  gravity  of  1.3 
(approximately) . 


SELECTION  OF  EQUIPMENT 

All  systems  have  on  thing  in  common.  The  storage 
facility  size  depends  on  availability  of  fuel  from 
suppliers,  duration  of  use,  available  space  for  installation 
and  finally  the  cost. 

Propane  Storage  tanks  are  available  for  both  above  and 
below  ground  installations.  The  latter  are  most  often  found 
in  smaller  systems  and  are  used  for  aesthetic  purposes. 
Above  ground  tanks  are  generally  recommended  for  industrial 
installations . 

Refrigerated  LP  Gas  storage  is  only  justified  in  very 
large  terminal  installations. 

Codes  require  different  fitting  arrangements  for 
various  size  tanks.  Those  above  the  2000-gallon  size 
require  different  fittings  than  for  2000-gallon  and  smaller. 
Suggested  specifications  are  .  available  for  all  sizes  in 
both  above  and  below  ground  tanks . 

The  storage  tank  must  be  an  ASME  approved  pressure 
vessel  with  safety  relief  valve,  temperature,  pressure,  and 
liquid  level  gauges;  and  with  all  openings  valved  and 
protected  by  an  excess  flow  valve.  This  device  minimizes 
the  hazards  of  accidental  line  or  hose  breakage.  Closing  at 
a  predetermined  flow  rate,  it  allows  only  a  small  amount  of 
liquid  or  vapor  to  bleed  through  until  the  emergency 
condition  has  been  corrected. 
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The  tank  can  be  filled  by  use  of  adapters  common  to  the 
LP  GAs  industry  from  either  a  truck  or  rail  car  especially 
designed  to  transport  Liquified  Petroleum  Gas.  Since  many 
trucks  carry  their  own  pumping  devices  and  nearly  all  have 
their  own  hoses,  adapters  are  often  the  only  additional 
equipment  required. 


VAPORIZATION  FACILITIES 

LP  Gas  is  ideal  for  all  types  of  loads.  Often  the 
addition-  of  a  gas  regulator  to  the  storage  tank  is  all  it 
takes  t©, constitute  an  LP  GAs  system.  Since  LP  Gas  must  be 
stored  under  pressure  to  maintain  its  liquid  form,  vapor  can 
be  withdrawn  from  the  storage  tank  top,  regulated  to  the 
desired  pressure,  and  transmitted  to  burning  equipment 
through. gas  distribution  lines.  This  method  is  commonly 
employed  L-  in  domestic,  commercial,  and  industrial 
applications  where  the  load  demands. 

The  boiling  point  of  propane  is  approximately  744°F 
at  atmospheric  pressure.  As  a  result,  boiling  of  the  liquid 
takes  place  any  time  the  storage  system  is  in  an  atmosphere 
with  a  temperature  higher  than  -44  F. 

Heat  is  absorbed  from  the  atmosphere  as  the  liquid 
boils  until  pressure  within  the  vessel  rises  to  a  value 
equal  to  vapor  pressure  at  ambient  temperature.  A  good 
analogy  is  comparing  this  action  to  that  of  producing  steam 
from  water  in  a  steam  boiler.  The  main  difference  is  that 
water  boils  at  +212°F  at  sea  level  atmospheric  pressure. 
As  water  in  a  steam  boiler  boils,  steam  pressure  increases 
only  as  long  as  heat  is  being  supplied.  A  propane  storage 
vessel  is  designed  for  a  working  pressure  of  250  PSIG.  To 
raise  the  vapor  to  that  pressure,  propane  would  have  to  be 
at  a  temperature  of  approximately  128  F.  Since 
atmospheric  temperatures  rarely  exceed  110  F  and  the  tanks 
are  usually  painted  with  light  reflecting  paint,  inside 
temperatures  above  120^F  are  rare.  Should  such  a 
temperature  be  reached,  safety  relief  valves  in  the  tank 
relieve  pressure  above  250  PSIG.  Boiling  point  temperatures 
at  various  pressures  can  be  found  in  the  tables  of 
thermodynamic  properties  of  saturated  propane  and  butane. 

Large  commercial  and  industrial  facilities  require  some 
artificial  method  of  vaporization,  since  atmospheric 
temperature  is  a  limited  source  of  heat.  There  are  two 
basic  types  of  vaporization  facilities,  direct  fired  and 
indirect  fired. 
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The  direct-fired  vaporizer  is  a  small  pressure  vessel 
into  which  liquid  propane  is  introduced  by  drawing  from  the 
bottom  of  the  propane  storage  tanks.  Immediately  under  this 
reactor  like  vessel  is  a  small  burner  system  (similar  to 
that  used  in  domestic  furnaces)  producing  heat  which  is 
transferred  through  the  walls  of  the  vessel  into  the  liquid 
orooane  causing  vaporization.  This  vapor  is  then  withdrawn 
from  the  vaporizer  top  through  a  regulator  and  into  the 
system. 

The  danger  of  direct  flame  impinging  on  a  vessel 
containing  flammable  material  limits  application  of  the 
direct-fired  vaporizer.  All  insurance  underwriters  and 
local  governing  bodies  restrict  use  of  the  direct-fired 
vaporizer,  particularly  with  regard  to  location. 

The  indirect-f ired  vaporizer  uses  an  intermediate 
source  of  heat  which  is  transmitted  to  the  liquid  vaporizer 
in  the  form  of  steam  or  heated  liquid.  The  simplest,  most 
economical  system  is  one  which  uses  steam.  Plant  steam  is 
supplied  to  the  vaporizer  and  the  resulting  condensate 
usually  discarded. 

When  a  complete  system  is  required,  the  Hydrothermal 
Vaporizer  with  an  integral  heat  source  is  employed.  This 
system  uses  a  burner  which  heats  water  glycol  mixture  by 
means  of  an  immersion  tube  in  a  configuration  similar  to  a 
fire  tube  boiler.  Immersed  in  the  heated  fluid  above  the 
fire  tube  is  the  propane  vaporization  coil.  Its  location 
here  is  the  key  to  the  safety  and  control  capabilities  of 
the  indirect-f ired  vaporizer.  Another  important  advantage 
is  the  fact  that  temperature  can  be  limited  or  controlled 
easily.  With  direct-fired  equipment,  impingement  of  flame 
on  vessel  walls  causes  high  localized  temperatures  resulting 
in  cracking  of  of  the  propane.  This  causes  heavy  ends  to 
form.  These  heavy  ends  when  carried  through  the  plant 
piping,  cause  a  number  of  problems  from,  decreasing  system 
capacity  to  malfunctioning  of  the  system. 

Vaporizers  do  not  control  or  add  any  usable  pressure  to 
an  LP  Gas  system.  Therefore,  a  liquid  pressure 
stabilization  pumping  system  is  needed  when  minimum  ambient 
temperatures  will  not  provide  sufficient  tank  pressures . 
Packaged  pressure  stabilization  systems  are  available^  and 
these  should  be  located  as  close  to  storage  as  is  practical. 
LP  Gas  in  storage  is  always  at  its  boiling  point  and  will 
flash  with  any  reduction  of  pressure. 
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MIXING  AND  DISTRIBUTION  FACILITIES 

The  storage  system  and  vaporizer  may  be  all  that  is 
required  when  straight  propane  can  be  used  as  a  standby 
fuel.  In  other  cases  a  third  major  component,  the  air-gas 
mixer,  must  be  added. 

There  are  two  primary  types  of  mixing  equipment:  the 
venturi  compressor  and  the  proportioning  valve.  The  former 
employs  the  kinetic  energy  of  propane  to  induce  air  at  a 
fixed  ration.  This  is  accomplished  by  introducing  high 
pressure  propane  vapor  into  a  nozzle  containing  a 
characterized  orifice.  As  the  propane  leaves  the  orifice,  a 
suction  is  produced  at  the  air  inlet  which  induces  air.  The 
resulting  mixture  is  compressed  to  a  controlled  pressure. 
The  venturi  compressor  system  has  the  advantage  of  pulling 
air  from  the  atmosphere  and  producing  a  mixture  as  high  as 
10  PSIG.  The  need  for  air  compression  and  drying  equipment, 
usually  the  most  expensive  components  of  a  standby  facility, 
is  thus,  eliminated. 

The  other  system,  the  proportioning  valve  type, 
requires  compressed  air  regardless  of  the  desired  mixture 
pressure.  This  system  consists  of  an  air  regulator,  which 
provides  air  at  closely  controlled  pressure  and  pilots  a 
regulator  to  provide  propane  vapor  at  exactly  the  same 
pressure.  The  air  and  vapor  then  enter  a  mixing  valve  which 
is  characterized  to  produce  a  fixed  gas/air  ratio  throughout 
the  operating  range. 

The  choice  of  mixing  system  is  dictated  by  the  desired 
mixture  pressure  and  to  a  lesser  degree,  the  output 
capacity.  Whenever  a  12  PSIG  or  lower  mixture  pressure  is 
satisfactory,  the  venturi  compressor  usually  proves  to  be 
the  less  expensive  choice.  For  higher  pressures, 
necessitating  compressed  air,  the  proportioning  valve  system 
is  generally  more  economical. 
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THE  PACKAGED  GAS  PLANT 

Storage/handling,  vaporization,  and  mixing/distribution 
facilities  are  the  three  major  components  of  the  LP  Gas 
system.  Once  these  are  understood,  the  next  step  is 
selection  of  the  necessary  equipment.  Final  decision  should 
take  into  consideration  the  compatibility  of  the  complete 
system  as  well  as  the  merits  of  individual  pieces  of 
equipment.  Factory  tested  equipment  will  assure  that 
construction  is  consistent  with  national  codes  and  industry 
standards.  Compatibility  of  various  components  with 
equipment  of  different  manufacturers  is  another  matter. 

Selecting  all  catalogued  components  from  national 
manufacturers  is  the  best  assurance  of  compatibility. 
Packaged  standby  gas  plant  components  are  available  for 
liquid  pressure  stabilization,  vaporizing,  gas/air  mixing, 
control  centers,  peak  shaving,  unloading  and  storage. 
Dependability,  the  most  important  criteria  in  LP  Gas  standby 
plants,  can  best  be  assured  by  obtaining  the  full  line  from 
a  major  gas  plant  manufacturer. 

The  decision  to  invest  in  standby  equipment  is  a  big 
one.  Choosing  a  compatible  system  suited  to  individual 
needs  requires  the  technical  expertise  and  advice  of  a 
professional  in  the  field.  The  information  in  this  booklet 
should  help  the  potential  buyer  to  understand  the  basics  of 
standby  fuel  and  equipment  and  to  access  his  requirements, 
after  which  he  should  obtain  the  services  of  a  specialist. 
Doing  so  generally  saves  a  lot  of  time,  money  and  trouble. 
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MATERIAL  SAFETY  DATA  SHEET 


PLANT  SYSTEMS  INCORPORATED 

P.O  Bok  38308  Ct«v«iand  44138 
7993  Lawis  Road  •  Bera*.  ONo  4401 7 
1216)  235-5700  Fa*:  (216)  235-5944 


DANGER!  Extremely  Flammable.  „  t-j 

Vapor  reduces  oxyyen  available  for  breathing  and  may  cause  suffocation  in  confined  spaces* 

Liquid  may  cause  freeze  bum  similar  to  frostbite. 


Identif ieatlon 


Dwroical  Name:  Propane 
Synonyms:  LP-Gas,  Bottled  Gas 
Ctemical  Family:  Paraffinic  Hydrocartion 
Chemical  Formula:  C,H, 

DOT  Proper  Shipping  Name:  Liquefied  Petroleum  Gas 
DOT  Hazard  Class:  Flammable  Gas 
DOT  LO.  Number.  UN1075 


800-424-9300  (b€MTRED 

NFPA  Classification: 

Health  1  Slightly  Toxic 
Fire  4  Extremely  Rammable 
Reactivity  0  Stable 


CAS  Number 

% 

OSHA 

PEL 

Ethane 

74-84-0 

0-6 

None  established 

Propane 

74-98-B 

87-97 

1000  ppm  (8hr) 

Propylene 

.  115-07-1 

0-5 

None  established 

Butane 

106-97-8 

0-15 

None  established 

ACGIH 


Simple 
Simple  asphyxiant 
Simple  asphyxiant 
800  ppm  (8  hr) 


Boiling  Point  -44*F  %  Volatile  by  Volume:  10^ 

Melting  Point  -309*F  Soliiility  in  Water.  Insoluble 

Vapor  Pressure:  208  psig  (max)  @  100’F  Evaporation  Rateffiu  A^l):  N/A 

Vapor  Density  (Air=l):  U  Gas  Volume  ©  Atm.  i  60  F 

Specific  Gravity  {H,0=t):  0.504  (Cu.  ft  gas/gal.  liquid):  36.4 

Appearance  and  Odor:  Colorless  liquefied  petroleum  gas.  Odorless  in  pure  form. 

Pmpane  sold  for  fuel  contains  a  foul  smelling,  skunk-like  warning  agent  (odorwt).  Tm  odorant  is 
effective,  but  the  ability  of  people  to  detect  odors  varies  widely.  Also,  certain  wmical  reactions 
in  the  propane  system  can  reduce  the  propane  odor  level.  No  odorant  can  be  100%  effective  in  all 
circumstances.  If  odor  level  appears  to  be  weak,  notify  your  propane  supplier  immediately. 

fire  »n<3  Explosion  Data  I 

Flash  Point  {Method  Used):  -156*F  (estimated) 

Rammable  Limits  1%  Volume  in  Air):  Lower  11%  Upper  9.5% 

Extinguishing  Media:  Dry  chemical,  foam  or  CO,  for  small  fires.  Stop  flow  of  gas  first 

Special  Fire  Rghting  Procedures  and  Precautions:  Evacuate  area.  Notify  fire  dep^ment  ... 

Allow  only  properly  protected  personnel  in  area.  Shut  off  source  of  gas,  if  possible.  Allow  fire  to 
bum  until  gas  flow  is  shut  off.  Adequate  water  stream  can  be  used  to  cool  exposed  equipment  and 
vapor  space  of  containers.  Approach  a  flame  enveloped  container  from  the  side,  never  the  head  yd^ 

For  massive,  uncontrollable  fires  and  when  flame  is  impinging  on  vapor  space  of  containers,  withwaw 
all  personnel  and  evacuate  surrounding  vicinity  immediately. 

Unusual  Fire  and  Explosion  Hazards:  Products  of  combustion  may  yield  carbon  monoxide.  Uncontrolled  vapors 
spread  rapidly,  are  heavier  than  air  and  are  extremely  flammable. 

R«»ctWlty  D«t»  I 
Stability:  Stable 

Materials  to  Avoid:  Strong  oxidizing  agents 

Hazardous  Decomposition  Products:  Incomplete  combustion  can  cause  carbon  monoxide. 

Hazardous  Polymerization:  Will  not  occur 


VI.  Health  Hazard  Dat^ 

Product  is  not  listed  as  carcinogenic  by  NTP,  lARC  or  QSHA.  Product  may  contain  a  trace,  but 
detectable  amount  of  benzene,  a  chemical  listed  by  the  State  of  California  and  known  to  cause 
cancer  or  reproductive  toxicity. 

Routes  of  Entry  /  Acute  Effects  of  Overexposure: 

Inhalation-  Exposure  to  high  concentrations  of  the  vapor  causes  dizziness,  drowsiness,  nausea  or 
unconsciousness  due  to  anesthetic  properties. 

•Rkin  Contact-  Liouid  can  cause  freeze  bums  similar  to  frostbite  if  contact  with  skin  occurs. 

No  skin  absorption  is  expected. 

Fvp  Contact-  Liquid  can  cause  freeze  bums  if  contact  with  eyes  occurs. 
ingp«;tinn-  Ingestion  is  not  expected  to  occur  in  normal  use. 

Chronic  Fffprtc  of  nvprpypostirp;  No  abnormal  reactions  reported  following  exposure  to  1000  ppm 
for  8  hours  per  day.  5  days  per  week,  for  2  weeks. 


VII.  Eaerqencv  and  First  Aid  ProcetXirqs  I 

Eye  Contact  Flush  with  water.  Obtain  medical  assistance  if  contact  with  liquid  has  occurred. 

Skin  Contact  If  freeze  bum  occurs,  remove  contaminated  clothes,  shpes  and  jewelry.  Immerse 
burned  area  in  warm  (not  hot)  water.  Keep  immersed.  Call  for  medical  assistance. 

Inhalation:  Remove  victim  from  further  exposure  and  into  fresh  air.  Provide 
is  labored.  If  victim  is  unconscious,  seek  immediate  medical  attention.  It 
give  artificial  respiration. 

Ingestion:  Not  expected  to  occur  in  normal  use. 


oxygen  it  oreaining 
breathing  has  stopped. 


VIII.  Spin  or  Laak  Procedures  J 


Product  is  extremely  flammable.  If  there  is  a  leak  but  no  fire,  do  not  ignite  the  gas.  Eliminate 
all  ignition  sources.  Evacuate  the  area.  If  possible,  remove  leaking  container  to  safe  3*^3. 

Stop  flow  of  gas  or  allow  yapor  to  disperse  in  a  safe  area.  Use  water  spray  to  help  dilute 
vapor  concentration  in  the  air. 

Dispose  of  gas  only  by  controlled  burning  in  compliance  with  local  laws  and  regulations. 
gX.  Handling  gnd  Storaoe  Precautions  I 


Store  in  an  authorized  location  (outside,  detached  storage  is  preferred)  with  adequate  ventilation. 

Keep  away  from  heat  and  ignition  sources.  Inspect  cylinders  frequently  for 

corrosion  with  emphasis  on  bottom  of  cylinder.  Store  cylinders  in  upright  position  or  with  pressure 

relief  valves  in  vapor  space.  Do  not  drop  or  abuse  cylinders.  Keep  container 

plugged  when  not  in  use.  Install  protective  caps  when  cylinders  are  not  connected  for  use. 


K.  Personal  Protection  Inf ormat lonZ  1 

Ventilation:  Use  adequate  ventilation  to  maintain  exposures  below  recommended  limits. 

Respiratory  Protection:  Use  a  NIOSH- approved  respirator  if  area  is  thought  to  contain  unknown 
concentration  of  gas. 

Eye  Protection:  Use  safety  goggles  or  safety  glasses  with  side  shields. 

Protective  Clothing:  No  special  garments  are  necessary,  but  avoid  skin  contact  with  liquid  because 
of  possibility  of  freeze  bum.  Propane  resistant  gloves  are  recommended. 


XI.  Communication  with  EinoTovees  and  Purchasers  H 

This  Material  Safety  Data  Sheet  (MSOS)  alerts  the  reader  to  the  potential  safety  and  health  hazards 
of  propane.  It  also  contains  valuable  reference  material  relating  to  the  safe  use  and  handling  of 
the  product.  Make  sure  that  this  information  is  shared  with  all  employees  and  purchasers  who  use 
or  handle  the  product.  It  is  an  important  part  of  the  OSHA  hazard  communication  program.  ^ 


This  information  is  bolioved  to  be  accurate  as  of  the  date  of  but  is 

guarantee.  Conditions  of  use  and  suitability  for  use  are  beyond  Coinpany 

all  risks  of  use  of  the  product  are  assumed  by  the  user.  Company  expressly  disclaims  a li^ 
warranties  of  every  kirxj  irtcVuding  warranties  of  merchant i bi  1  ity  and  fitness  for  any 
particular  purpose.  Company  assumes  rK>  responsibility  for  any  injuries  or 
caused  by  the  product  even  if  safety  procedures  are  follow^  as  outlined  herein.  Notning 
herein  is  intended  to  be  construed  as  permission  or  recommendation  for  use  of  the  proOJCt 
in  any  manner  which  might  infringe  existing  patents. 


Originally  designed  to  meet  the  stringent  requirements 
f  nuciear  power  plant  applications,  the  LT81 A  has  be- 
ome  FCI's  most  frequently  specified  Mass  Flowmeter.  Its 
/ide  turndown,  broad  selection  of  insertion-type  mounting 
onfigurations  and  outstanding  record  of  reliability  provide 
nequaled  versatility  for  gas  flow  metering  in  numerous  in¬ 
dustrial  applications. 

The  LT81 A  is  available  with  a  1 "  or  1  Va  MNPT  threaded 
onnection,  flanged  or  packing  gland  connection,  and  in- 
ertion  lengths  up  to  30"  (9m)  for  convenient  installation  in 
ifiy  line  with  a  minimum  1 VT'  inside  diameter. 

Repeatability  of  ±  1%  over  800:1  turndown,  accuracy  of 
•  1%  of  full  scale  and  no-moving-parts  operation  assure 
irecise,  reliable  mass  flowmetering  of  gases  and  gas  mix- 
jres  over  an  exceptionally  wide  flow  rate  range  at  pres- 
•ures  from  vacuum  up  to  1250  psig  (104  bar)  -  higher  on 
ipplication. 

For  most  applications,  the  all-metal  316  Stainless 
lleel/Nickel  Brazed  sensor  probe  construction  offers 
.upa^r  resistance  to  corrosion  and  abrasion.  However, 
la^Ay  C/Gold  Braze  can  be  optionally  provided  for 
idcl^rotection  in  extremely  harsh  media. 

The  sensor  probe  is  mounted  to  a  NEMA  4  enclosure 
vhich  houses  all  electronic  circuitry.  A  Remote  package  is 
ilso  available  where  process  conditions  or  convenience 
iictate  separation  of  the  sensing  assembly  from  the  instru- 
nent's  electronic  circuitry.  (See  Page  7.) 

The  LT81A  High-Temperature  model  with  Remote  Elec- 
ronics  package  and  fiber  glass  jacketed  interconnecting 
;able  should  be  specified  for  operation  in  process  temper- 
itures  exceeding  350°F  (178°C),  up  to  850°F  (458°C). 


Available  linearized  signal  outputs  include  the  standard 
4-20mA,  or  optional  10-50mA,  0-10VDC,  0-5VDC,  or 
1 -5VDC.  A  Flow  Rate  Indicator  and  Totalizer  with  LCD  digital 
displays  are  optionally  available  and  can  be  scaled  in 
mass  flow,  volumetric,  or  velocity  values  for  instantaneous 
and  total  flow  indication. 


Packing  Gland  Assemblies 

LT81 A  Mass  Flowmeters  can  be  provided  with  a  low, 
medium,  or  high  pressure  packing  gland  that  is  ideal  for 
installation  and  removal  without  process  shutdown. 

The  low  pressure  model  (shown  on  left)  is  suitable  for 
line  pressures  up  to  50  psig  (3.5  bar).  The  medium  pres¬ 


sure  model  is  rated  up  to  500  psig  .35  bar),  the  high  pres¬ 
sure  model  (shown  on  right)  up  to  1500  psig  (104  bar).  The 
high  pressure  model  is  pressure-balanced  for  safe,  easy 
crank-in  installation  and  removal  and  is  designed  to  remain 
securely  positioned  in  the  line  once  installed. 
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Appendix  K  -  Interim  Review 

U.  S.  Army  Engineer  District,  Savannah 

Ft.  Gordon  LPG  Study 

Final  Submittal 

An  Interim  Review  Meeting  to  discuss  the  Governments  comments  prior  to  the  final 
issue  of  this  study  report  was  conducted  on  August  27,  1992,  at  the  Directorate  of 
Installation  Support  (DIS)  offices  at  Fort  Gordon,  Georgia.  A  list  of  the  attendees  at 
the  meeting  and  copies  of  the  comments  discussed  are  included  in  this  Appendix  K. 

Responses  to  and  resolution  of  the  comments  are  as  follows: 

TRADOC  ENGINEER 
25  AUG  92 

PROJECT  REVIEW  COMMENTS  by  Greg  Capra,  dated 

Comment  1 

There  will  be  continuing  discussing  between  Fort  Gordon 
and  Atlanta  Gas  Light  (AGL)  to  negotiate  greater  cost 
sharing  by  AGL  or  alternate  methods  for  supplying  natural 
gas  to  Fort  Gordon  to  eliminate  the  gas  line  relocation  costs. 

The  final  report  will  include  additional  LCCA  analyses 
assuming  no  pipeline  relocation  costs.  The  DD  Form  1391 
will  include  pipeline  relocation  costs. 

Comment  2 

It  was  agreed  that  the  size  of  the  propane  storage  would  be 
reduced  to  10  days  (instead  of  30).  All  costs  and  economics 
will  be  revised  accordingly. 

Comment  3 

Comment  was  withdrawn.  The  storage  location  is  shown  on 
the  drawings  in  Appendix  D  and  there  are  separate 
comments  regarding  fire  protection  from  the  Fort  Gordon 
fire  chief. 

Comment  4 

TRADOC  fmrnished  text  file  for  new  LCCA  summary  sheet 
to  be  used  in  final  report. 

Comment  5 

The  "Additional"  paragraph  will  be  included  on  DD  Form 

1391  per  direction  given  at  meeting. 

Comment  6 

Cost  estimates  and  LCCA  analyses  will  be  revised  per  the 
comment. 
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Appendix  K  -  Interim  Review 

U.  S.  Army  Engineer  District,  Savannah 

Ft.  Gordon  LPG  Study 

Final  Submittal 

Comment  7 

DD  Form  1391  will  be  revised  in  accordance  with  comment. 
MILCON  cost  index  of  1.09  was  furnished  for  mid-year 

PT95  construction  costs.  This  index  will  be  used  for 
escalation. 

PROJECT  REVIEW  COMMENTS  by  Curtis  D.  Oglesby,  dated  24  AUG  92 

Item  1 

Paragraph  4.4  will  be  modified  per  the  comment 

Item  2 

Paragraph  4.8  will  be  modified  per  the  comment 

Item  3 

The  buildings  identified  in  the  comment  will  be  deleted  from 
the  list  of  future  gas  users  in  Appendix  C. 

Item  4 

The  "estimating  contingency"  was  used  to  include  costs  such 
as  those  listed.  The  cost  estimate  detail  sheets  in  Appendix 

F  will  be  modified  for  clarification. 

PROJECT  REVIEW  COMMENTS  by  FPPD,  William  R.  Walker,  dated  8  AUG  92 

Item  1 

A  fixed  water  spray  system  fill  be  added  to  the  propane 
storage  tank  area. 
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SCIP  Criteria 
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Costa 
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TO;  Energy  Engineer,  FAC  DIV,  ATTN:  FROM:  (SECTION)  FPPD 

Mr.  Oglesby  (REVIEWER)  William  R.  Walker 


PROJECT;  Liquefied  Petrol i urn  Gas 
(LPG)  Storage  Facility  Study 
LOCATION:  Ft.  Gordon,  Georgia 


TYPE  OF  ACTION 


B 


Preliminary 

Final 


YEAR  LINE  ITEM  NO.: 

FY  —  S— E  Project  No.  7469B 


Concept 


Interim  Submittal 


ITEM  DRAWING  NO.  COMMENTS 
NO.  OR  PAR.  NO. 


REVIEWRER  ACTION; 


Recommend  a  fixed  water  spray  system 
be  installed  for  protection  of  propane 
tanks  (The  water  spray  system  keeps 
the  tanks  cool  in  case  of  fire,  pre¬ 
vents  liquid  contents  from  boiling 
away,  and  protects  the  tanks  shells 
against  rupture  due  to  localised  high 
temperature  flame  impingement).  Tank 
failure  may  occur  as  early  as  10 
minutes  after  flame  impingement. 

The  proposed  tank  storage  site  limits 
the  response  of  fire  protection  equip¬ 
ment  to  one  engine  company  within  the 
10  minute  time  frame.  One  engine  com¬ 
pany  could  not  provide  adequate 
quantities  of  water  to  prevent  con¬ 
tainer  failure  from  fire  exposure. 


Signature  Reviewer:^^;^^ 


Approving  Official 
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